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HYPERPLASIA OF LYMPHOID TISSUE AND 
LYMPHOCYTOSIS 


CAROLINE WHITNEY 

From the Henry Phipps InsUtule, University of Pennsylvania, Philadelphia, Pennsylvania 

The functions of the lymphocyte, which are mtimately concerned 
with many physiological processes have not, as yet, been clearly 
defined 

It IS mamtamed that the l}anpho(wte is a stem cell capable of wide 
differentiation, Maximow (1907, 1917, 1923) and Weidenreich (1911), 
Dommia (1902, 1909, 1920), Jordan (1926a, 1926b) and others claim 
that a basophihc mononuclear cell which they identify with the 
lymphocyte is capable of givmg rise to all other types of definitive 
blood cells Other authors, Cunnmgham, Sabin, and Doan (1925a, 
192Sb), Naegeh (1922), etc , think that the erythrocyte, unhke the 
lymphocyte, arises within the blood vessels from the endothelium, 
the first stage m its development being the megaloblast, which is 
basophilic like the lymphocyte but not identical with it 
Enormous numbers of lymphocytes, many more than are present 
in the blood at any one time, leave the arculation daily Bunting 
and Huston (1921) calculated from Rous’ data on dogs that there is a 
daily output of 3,300,000,000 lymphocytes from the thoraac duct 
Experiments to determine the fate of these lymphocytes have led to 
speculation concerning their function Buntmg and Huston (1921) 
judge from their histological studies of the lymphocytes m the intesti- 
nal wall that the daily exit of lymphocytes takes place there They 
feel that one of the functions of the lymphocyte is there fulfilled and 
they hazard the opinion that there may be some relation between the 
lymphocyte and the countless bacteria and their toxins found in the 
intestinal wall 

Jordan and Speidel (1923, 1924), who believe that the Ijmphoy te 
IS plunpotential and capable of generating all types of blood cells, 
suggest that this excess of Ijmphocytes filters out in the bone marrow 
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where these cells act as progenitors of blood cells both red and white 
They confirm the evidence offered by Bunting and Huston to prove 
that many lymphocytes are lost in the intestine In the agminated 
follicles the lymphocyte may have an antitoxic as well as phagocytic 
and digestive fimction. 

The lymphocyte seems to be associated in some way with resistance, 
for it has been repeatedly observed that as a disease overcomes the 
resistance of its host the lymphocyte count drops This statement 
has been made not only in reference to tuberculosis but also to measles, 
smallpox, acute infections m children and other diseases Experi- 
mentally Murphy and Sturm (1919b) found evidence that resistance 
to tuberculosis was lowered when the l3Tnphoid tissue of guinea pigs 
was decreased by the use of x-ray They also found heightened 
resistance to tuberculosis following splenectomy when, as is well 
known, the lymphocytes of the blood show a definite increase Sabm 
(1926) suggested that a high lymphocyte count m an animal means 
good resistance to tuberculosis Amoss, Taylor, and Witherbee 
(1919) tried to estabhsh some positive evidence that resistance to 
poliomyelitis was influenced by the number of lymphocytes, they 
found a decreased resistance in those animals which had been deprived 
of lymphoid tissue by x-ray, but they could not prove to their entire 
satisfaction that there was no other contributory factor 

Many investigators have noticed the collection of lymphocytes 
about slowly growing cancer and have speculated upon the relation 
of the lymphocyte to cancer immunity Da Fano (1910) called atten- 
tion to an accumulation of l3rmphocytes in the subcutaneous tissues of 
animals which were apparently resistant to cancer transplants 
Murphy and Morton (1918) found a higher number of these cells in 
the circulating blood of resistant animals, likewise they could render 
mice of tested immunity susceptible to inoculation with cancer trans- 
plants by destroying the lymphoid tissue with x-ray Murphy 
and Nakahara (1920) found in animals made resistant to cancer that 
there was active proliferation of cells in the lymphoid organs following 
cancer inoculation Loeb (1926) uses the lymphocytic response to 
transplanted tissue as a fine method of measuring the mdividual 
immunity to tumor growths Sittenfield (1912, 1918), on the other 
hand, could not heighten the immunity of his animals to tumor trans- 
plants by increasing their lymphoid tissue 
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In tissue culture work Carrel ( 1923) has shown that the lymphocytes 
are capable of hving upon serum alone and of manufacturing therefrom 
a substance which other cells can utilize All other ceUs remam 
mactive in serum for they require something found m embryonic 
tissue extract for their life and growth However, if lymphocytes 
are added to such a culture the other cells begin to grow and divide 
in the usual way 

This function of the lymphocytes in vitro is the only one which has 
been proven experimentally It is obvious that much work has yet 
to be done before the function of the lymphocytes in vivo is fully 
defined, the part played by them in resistance to infectious diseases 
and to cancer is not dear, and whether they are the progenitors of all 
other definitive blood cells is stiU debatable 

AGE changes in LYMPHOID TISSUE 

In growing animals lymphatic tissue is abundant and lymphocytes 
form a large part of the leucocytes of the blood, but with mcreasmg 
age there is a decrease m the amount of lymphoid tissue which is more 
than can be accounted for by the general tissue atrophy of old age 
The embryology of lymphatic tissue has been mvestigated by numer- 
ous workers, among the more recent Lewis (1906), Sabm (1902, 1908, 
1909), Clark and Clark (1920), and Huntington and McClure (1908) 
and Huntmgton (1910, 1914) There is still some controversy over 
the exact picture in each stage of development of the lymph vessels 
but there is general agreement as to the extent of lymphatic tissue 
and the tune of its first appearance The lymph vessels are first 
seen in the human embryo of about 10 mm length near the 
jugular vein (Lewis, 1909) Buds from the jugular lymph sac grow 
and form at least the proximal part of the numerous and volununous 
Ijmph channels which soon appear in the head, neck and thorax 
The abdotmnal lymph vessels develop later (20-mm embryo) In 
the rabbit the first lymph nodes appear at about twenty days (29-TMn 
embryo) (Leivis, 1909) The developmg lymph node (Sabin, 1909) 
IS at first merely a thickening of the connecbve tissue about lymph 
vessels, lymphocytes collect m this region while the lymph ducts 
multiply and become sinuses The growrth of lymphoid tissue is then 
rapid and the Ijunphatic system of the fetus becomes extensive 
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Observations of the post-fetal changes in the character and amount 
of lymphoid tissue are not recorded until the eighteenth century, 
although lymph and the lymphatic system were recognized by 
Aristotle, Erasistratus and Herophilus Among the earliest to remark 
these changes were Malpighi, m 1666, Haller, in 1765, Ludwig, in 
1789, and Bichat, in 1801 Breschet (1836) found the lymph nodes 
softer and more voluminous in infants and young people than in 
adults, and observed apparent atrophy in old age. From that time 
on there are frequent comments upon the variations in the size of the 
lymph nodes, the lymphoid tissue in the intestine, the thymus, the 
tonsils, etc. 

Gray (1859) 

The Malpighian bodies (of the spleen) may be observed in the healthy 
organ at all periods of hfe but they are larger and more distinct in early than 
m adult life or old age The size may vary at the same period of hfe at 
difierent times and under different circumstances but their number as well 
as their size seems to be far greater m proportion to the size of the organ 
in early than in adult hfe 

Sappey (1868): 

The dimensions (of the appendix) are not influenced by the development 
of the rest of the intestine The development of the vermicular appendix 
IS almost completely achieved at birth, and its definitive slate is reached 
in the new bom It ceases to grow almost completely from the cessation of 
intra-utenne life 

Morris (1921) 

The thymus follows the typical course of a lymphoid organ At birth it 
forms about 0 42 per cent of the body weight The relative weight drops 
to 0 09 per cent in adolescence and 0 05 to 0 02 per cent in early matunty. 
The absolute weight rises from about 13 grains at birth to 38 grams at 
puberty, then dechnes After birth the parenchjona forms a constantly 
decreasmg proportion of the thymus 

These are a few of the numerous comments on the course of 
lymphoid tissue as it is observed in the autopsy room and anatomy 
room Although the thymus has been included here with lymphoid 
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organs, the exact classification of this gland is yet to be made, for 
authonties disagree as to the origin of the small thymus cell and some 
question its identity ivith the l)Tnphocyte Pappenheimer (1910) 
says “It IS possible to demonstrate shght morphological diflFerences 
between small th 3 anus cells and the true l 3 rmphocyte found in lymph 
nodes although they are so shght as to make absolute difierentiation 
by the usual methods oftentimes impossible ” He agrees with Stohr 
and Bell that the small thymus cell is of epithehal origm The op- 
posite view is held by His, Stieda, Dohm and Gulland, who believe 
that the thymus cell has a mesodermal origm and is identical with 


TABLE I 


T/i£ quanii^y of lymph tissue per kilogram of body weight 


AGE 

LYMPQKODES 

tYiffa TISSUE m 

Scapular 


Neck 

Popliteal 

Tonsils 

Spleen 

A^en 

Peyef*s 

plaques 

1 month 

0 049 

0 030 

0 26 

0 ns 

0 027 

0 106 

1 61 

0 032 

2 months 

0 052 

0 030 

0 23 

0 124 

0 032 

0 092 

2 08 

0 112 

3 months 

0 0T8 

0 041 

0 25 

0 126 

0 026 

0 079 

2 11 

0 147 

4 months 

0 09(5 

0 049 

0 26 

0 135 

0 029 

0 084 

2 IS 

0 143 

5 months 

0 098 

0 054 

0 26 

0 132 

0 021 

0 076 

2 31 

0 133 

6 months 

0 087 

0 044 

0 25 

0 115 

0 024 

0 032 

2 19 

0 135 

7} months 

0 070 

0 046 

0 24 

0 106 

0 022 

0 061 

1 94 

0 082 

10 months 

0 072 

0 038 

0 23 

0 124 

0 031 

0 054 

2 52 

0 087 

12 months 

0 051 

0 035 

0 21 

0 116 

0 022 

0 054 

2 19 

0 034 

2 years 

0 058 

0 034 

0 20 

0 09S 

0 021 

0 MS 

1 67 

0 073 

3J years 

0 044 

0 025 

0 IS 

0 076 

0 023 

0 057 

1 19 

0 062 


the lymphocyte In text books of histology (Hill, 1923, Jordan, 
1924, Mottram, 1923) the thymus is classed as a lymphoid organ with 
the qualifying statement that its real nature is under discussion 
T J Heilman (1913) made a study of the development and mvolu- 
tion of lymphatic tissue in a senes of healthy rabbits which had been 
killed instantaneously He found very httle mdmdual variation 
in the amount of lymphoid tissue and no difference m its distnbution 
m the two sexes Tlie various types of lymphoid tissue did not pro- 
ceed to grow at the same rate but the mcrease and decrease of ] 3 unph- 
oid tissue m general were slightly greater than that of the organs 
Cervical and popliteal lymph nodes increased until the twelfth month 
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and then showed a steady decline The other lymph nodes grew in 
size only until the fifth month (the time of sexual maturity m the 
rabbit), and then began their involution The lymphoid tissue of the 
mtestine increased imtil the fifth month, remamed at the same level 
until the seventh month, developed vigorously until the tenth month, 
then gradually dechned The spleen increased until the fifth month 
and thereafter showed slight but steady mvolution The pharyngeal 
tonsils increased until the fifth month, remained the same until the 
tenth month and then atrophied. The maximal proportion of 
lymphoid tissue to body weight in general is greatest between the 
second and fifth months Lymphoid tissue, then, reaches the peak of 
development at the time that the animal attains sexual maturity. 
Table 1 records the relative weights of the various lymphoid organs in 
succeeding months 

Parallel with the gross changes in the l 3 anphoid organs there are, of 
course, changes in the microscopic structure Luther West (1924) 
studied sections from the cecum of rats, cats and rabbits of various 
ages from early youth to extreme age The cecum m the young 
animals showed abimdant l 3 Tnphoid tissue, the nodules being closely 
packed, and of such bulk that they filled one third of the lumen 
Surrounding the nodule in the connective tissue were numerous 
eosinophiles On the surface of the nodule blood and lymph vessels 
were abundant The small lymphocyte was the predominating cell 
in this region In the germinal center were large hghter staming cells 
with many cytoplasmic inclusions Here were many mitotic figures 
Blood vessels were few and small In very old animals on the other 
hand, there were no definite nodules Occasional accumulations of 
lymphocytes seemed to indicate the site of former nodules The 
small lymphocyte predominated There was no germinal center and 
the nodule was of the same density throughout The connective tissue 
looked “as if there had been a collapse of a one-time distended region ” 
The animals of ages between extreme youth and senfiity showed the 
intermediate stages of atrophy Curiously, the regression did not m 
every case correspond with chronological age, but seemed to depend 
somewhat on the general physical condition, a poor condition induced 
more rapid atrophy 

The decreasing amount of lymphoid tissue in the body as a whole 



HYPERPLASIA OE LYMPHOID TISSUE AND LYMPHOCYTOSIS 7 

IS accompanied, untilnear puberty, bya decreasmg number of lympho- 
cytes m the blood stream There is in infancy both an absolutelj 
and relatively lugh count of lymph cells, the total leucocyte count 
being two or three times the number in adult blood In childhood the 
total count, though less than m mfancy is still above that of the adult 
The percentage of lymphocytes, at first 50 to 70 per cent and some- 
times as high as 80 per cent, decreases gradually to about 36 per cent 
at the age of ten Such ohservations may be found in any textbook 
of medicine, pediatrics, or hematology m which the normal blood 
picture IS discussed See Da Costa (1901),Erhch (1905), Todd (1908), 
Naegeh (1922), Holt (1922), SchiUmg (1926) 

CLINICAL OBSERVATIONS ON LYMPHOCYTES 

Children often respond with a lymphocytosis to any acute mfection 
GuUand and Goodal (1912) say that m general the total number of 
leucocytes responds more readily in diildren to any toxic stimulus 
and that the proportion of lymphocytes always tends to be greater 
than in adults in a correspondmg condition Stettner (1925) after 
studying many cases, says that an increase m the total white count 
with a very high percentage of lymphocytes is characteristic of many 
acute infections m children which are not overwhelmmg However, 
if the child’s resistance is poor the percentage of polymorphonuclear 
cells tends to rise 

A sinular lymphocytic response to acute infections is not unknown 
in adults Naegeh (1922) and Erlich (1905) mention its occurrence 
Turk (1911) considers it a key to the imderstanding of acute leucemias 
Cabot (1913) cites a case of wound sepsis with a total leucocyte count 
of 20,000 in which “tlie percentage of Ijrmphocytes did not rise aboie 
70 per cent ” Agam, a case of boils showed a total white count of 
16,400, 86 per cent of which ivere lymphocjdes A third case was of 
ividespread streptococcic mfection of tonsilar ongin vwth a total white 
count of 9000, of which 71 per cent were Ijonphocytes All of these 
patients recovered and eventually showed a normal blood picture 
Elsewhere Cabot (1904) reports a caseof pneumonia with a total white 
count of 94,600, 69 per cent being lymphocytes C C Cole (1916) 
instances a case of mfection of the lymph nodes with bacillus para- 
tj'phosus in which, wath a total white count of 10,400, 46 7 per cent 
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were l 3 anphocytes and 14 75 per cent large mononuclears The 
patient was discharged from the hospital one year after the onset of 
his S 3 ntnptoms showing “some improvement ” Other blood counts 
are not reported, 

Krumbhaar (1926) reports 10 cases with leucemoid blood pictures. 
Of these, 2 showed a lymphocytosis in response to acute infection 
His first case, however, is a child of three years with measles and 
pertussis presenting a leucocytosis of 71,000 with 82 per cent l 3 mipho- 
cytes. Such a picture is not unusual m a child with that disease 
The second is an adult with post-partum pyelitis. The first day of the 
disease she showed a total leucocyte count of 7600, 75 per cent of which 
were lymphocytes. The second day with 8500 leucocytes, 30 per cent 
were lymphocytes The sixth day, of 15,000 leucocytes only 25 per 
cent were lymphocytes 

Daland (1921) analyzed 100 cases of periapical dental infection in 
adults and found that 54 had a l 3 rmphocytosis of over 30 per cent. 
This was a relative rather than an absolute mcrease in lymph cells, 
for the total leucocyte count was normal or decreased, averaging 
5800 Of the 54, the average percentage of lymph cells (chiefly small 
l 3 nnphocytes) was 40, while 62 per cent was the maximum figure. 

Among the earher cases cited as examples of a lymphocytic response 
to acute infections are many of the now fairly well-defined disease 
called infectious mononucleosis in which the characteristic cell is a 
mononuclear very similar to the lymphocyte In size, this cell is 
intermediate between the small and large lymphocytes Careful 
study has shown that it has a number of characteristics which dis- 
tinguish it from the normal cell (Sprimt and Evans, 1920 , Bloedom and 
Houghton, 1921, Longcope, 1922, Cottrell, 1927) In the majority 
of the reports of this disease, however, these cells are classed as 
lymphocytes and differential counts show an actual and relative 
“lymphocytosis” as high as 75 per cent in some cases, with a total 
leucocyte count varymg between 6000 and 40,000. 

There are certain diseases, excluding leucemia, that are regularly 
attended by a lymphocytosis, which have been widely discussed 
in the hterature, namely whoopmg cough, tuberculosis, smallpox, etc. 

In pertussis it has been ascertained that the average leucocyte count 
is about 25,000, 40 to 60 per cent being l 5 Tnph cells In uncomplicated 
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pertussis the count sometimes rises as high as eighty or ninety thou- 
sand and Seitz (1925), in his review of the literature on the subject, 
finds that 8 cases with a total leucocyte count of 100,000 w ere reported 
dunng 1925 Churchill (1906) found 93 per cent lymph cells in the 
blood picture during the catarrhal stage When pertussis is com- 
phcated by pneumonia the count may rise to a tremendous number 
and the blood picture may closely resemble lymphatic leucenua 
Cabot (1904) cites a case of pertussis-pneumonia in which there was a 
total leucocyte count of 227,870, 50 per cent of which were lympho- 
cytes Crombie (1908) found a count of 233,000, with 58 per cent 
lymph cells, m his case of pertussis pneumonia 
The blood picture m smallpox varies ivith the stage of the disease 
but from the onset there is a relative if not an absolute lymphocytosis 
In the earliest stages there is a normal or decreased number of leuco- 
cytes but the percentage of lymphocytes may be as high as 60 per cent 
Hoffman (1923a, 1923b) states that from the fourth day there is a 
leucocytosis of 17,000 to 30,000 or even higher, and his observations 
are confirmed by other writers The leucocyte count reaches its 
highest figure on the ninth to fourteenth day and may remain as high 
as 24,000, during the whole third week In the fourth, fifth and sixth 
weeks the count is about 9000 to 12,000 The lymphocytes show a 
striking mcreasc above normal and may reach 65 or 75 per cent in the 
third -week This condition may persist through tlie sixth week after 
the onset of the disease According to Couimont and Barbaroux 
(1900) those patients who showed a low lymphocyte percentage usually 
died If there are complications they are characterized by a neutro- 
philic leucocytosis 

It has been proved both clinically and experimentally that those 
instances of tuberculosis in which there is strong resistance, show an 
increase in the percentage of lymphocytes Calmette (1922) says 
that with benign fibroid tuberculosis there may be a moderate 
leucocytosis, not over 10,000, and that this increase is largely confined 
to the lymph cells In a patient with a massive infection whose de- 
fense is being broken down there is a IcucoQ tosis with a dimmishing 
percentage of lymphocytes In open progressive tuberculosis with 
cavities and caseation the count may be 10,000 to 20,000, 90 per cent 
being polymotphonuclears Bergel (1913) says that a high lympho- 
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were lymphocytes and 14 75 per cent large mononuclears The 
patient was discharged from the hospital one year after the onset of 
his symptoms showing “some improvement ” Other blood counts 
are not reported 

Krumbhaar (1926) reports 10 cases with leucemoid blood pictures 
Of these, 2 showed a lymphocytosis in response to acute infection. 
His first case, however, is a child of three years with measles and 
pertussis presenting a leucocytosis of 71,000 with 82 per cent lympho- 
cytes Such a picture is not imusual m a child with that disease. 
The second is an adult with post-partum pyehtis The first day of the 
disease she showed a total leucocyte count of 7600, 75 per cent of which 
were lymphocytes The second day with 8500 leucocytes, 30 per cent 
were lymphocytes The sixth day, of 15,000 leucocytes only 25 per 
cent were lymphocytes 

Daland (1921) analyzed 100 cases of periapical dental infection in 
adults and found that 54 had a lymphocytosis of over 30 per cent 
This was a relative rather than an absolute increase in lymph cells, 
for the total leucocyte count was normal or decreased, averaging 
5800. Of the 54, the average percentage of lymph cells (chiefly small 
lymphocytes) was 40, while 62 per cent was the maximum figure 

Among the earher cases cited as examples of a lymphocytic response 
to acute infections are many of the now fairly well-defined disease 
called infectious mononucleosis in which the characteristic cell is a 
mononuclear very similar to the lymphocyte In size, this cell is 
intermediate between the small and large lymphocytes Careful 
study has shown that it has a number of characteristics which dis- 
tinguish it from the normal cell (Sprunt and Evans, 1920, Bloedom and 
Houghton, 1921, Longcope, 1922, Cottrell, 1927) In the majority 
of the reports of this disease, however, these cells are classed as 
l 3 anphocytes and differential counts show an actual and relative 
“lymphocytosis” as high as 75 per cent m some cases, with a total 
leucocyte count vaiymg between 6000 and 40,000 

There are certain diseases, excludmg leucemia, that are regularly 
attended by a lymphocidosis, which have been widely discussed 
in the hterature, namely whooping cough, tuberculosis, smallpox, etc. 

In pertussis it has been ascertained that the average leucocyte coimt 
IS about 25,000, 40 to 60 per cent bemg lymph cells In uncomplicated 
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pertussis the count sometimes rises as high as eighty or ninety thou- 
sand and Seitz (1925), in his review of the literature on the subject, 
finds that 8 cases with a total leucocyte count of 100,000 were reported 
during 1925 Churchill (1906) found 93 per cent lymph cells in the 
blood picture during the catarrhal stage When pertussis is com- 
phcated by pneumonia the count may rise to a tremendous number 
and the blood picture may closely resemble lymphatic leucemia 
Cabot (1904) cites a case of pertussis-pneumonia in which there was a 
total leucocyte count of 227,870, 50 per cent of which were lympho- 
cytes Crombie (1908) found a count of 233,000, with 58 per cent 
lymph cells, in his case of pertussis pneumonia 
"Ihe blood picture m smallpox varies with the stage of the disease 
but from the onset there is a relative if not an absolute lymphocytosis 
In the earliest stages there is a normal or decreased number of leuco- 
cytes hut the percentage of lymphoiy tes may be as high as 60 per cent 
Hoffman (1923a, 1923b) states that from the fourth day there is a 
leucocytosis of 17,000 to 30,000 or even higher, and his observations 
are confirmed by other writers The leucocyte count reaches its 
highest figure on the ninth to fourteenth day and may remain as high 
as 24,000, during the whole third week In the fourth, fifth and sixth 
weeks the count is about 9000 to 12,000 The lymphocytes show a 
striking increase above normal and may reach 65 or 75 per cent in the 
third week This condition may persist through the sixth w eek after 
the onset of the disease According to Courmont and Barbaroux 
(1900) those patients who showed a low lymphocyte percentage usually 
died If there are complications they arc characterized by a neutro- 
philic leucocytosis 

It has been proved both clinically and experimentally that those 
instances of tuberculosis in which there is strong resistance, show an 
mcrease m the percentage of lymphocytes Calmette (1922) says 
that ivith benign fibroid tuberculosis there may be a moderate 
leucocytosis, not over 10,000, and tliat this mcrease is largely confined 
to the lymph cells In a patient wath a massive infection whose de- 
fense is being broken down there is a leucocytosis with a dummshing 
percentage of lymphocytes In open progressive tuberculosis with 
cavities and caseation the count ma> be 10,000 to 20,000, 90 per cent 
being polymorphonuclears Bergel (1913) says that a high lympho- 
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were lymphocytes and 14 75 per cent large mononuclears The 
patient was discharged from the hospital one year after the onset of 
his symptoms showing “some improvement ” Other blood counts 
are not reported 

Khumbhaar (1926) reports 10 cases with leucemoid blood pictures 
Of these, 2 showed a l 3 anphocytosis in response to acute infection 
His first case, however, is a child of three years with measles and 
pertussis presenting a leucocytosis of 71,000 with 82 per cent lympho- 
cytes Such a picture is not unusual m a child with that disease 
The second is an adult with post-partum pyelitis The first day of the 
disease she showed a total leucocyte count of 7600, 75 per cent of which 
were lymphocytes The second day with 8500 leucocytes, 30 per cent 
were lymphocytes The sixth day, of 15,000 leucocytes only 25 per 
cent were l 3 miphocytes 

Daland (1921) analyzed 100 cases of periapical dental infection m 
adults and found that 54 had a lymphocytosis of over 30 per cent 
This was a relative rather than an absolute increase in lymph cells, 
for the total leucocyte count was normal or decreased, averaging 
5800 Of the 54, the average percentage of lymph cells (chiefly small 
l)rmphocytes) was 40, while 62 per cent was the maximum figure 

Among the earlier cases cited as examples of a lymphocytic response 
to acute mfections are many of the now fairly weU-defined disease 
called infectious mononucleosis in which the characteristic cell is a 
mononuclear very similar to the lymphocyte In size, this cell is 
intermediate between the small and large lymphocytes Careful 
study has shown that it has a number of characteristics which dis- 
tmguish it from the normal cell (Sprunt and Evans, 1920, Bio edom and 
Houghton, 1921, Longcope, 1922, Cottrell, 1927) In the majority 
of the reports of this disease, however, these cells are classed as 
lymphocytes and differential counts show an actual and relative 
“lymphocytosis” as high as 75 per cent m some cases, with a total 
leucocyte coimt vaiying between 6000 and 40,000 

There are certain diseases, excluding leucemia, that are regularly 
attended by a l 3 miphocytosis, which have been widely discussed 
in the literature, namely whooping cough, tuberculosis, smallpox, etc 

In pertussis it has been ascertained that the average leucocyte count 
is about 25,000, 40 to 60 per cent bemg l 3 rmph cells In uncomphcated 
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pertussis the count sometimes rises as high as eighty or nmety thou- 
sand and Seitz (1925), m his review of the literature on the subject, 
finds that 8 cases with a total leucocyte count of 100,000 Mere reported 
during 1925 Churchill (1906) found 93 per cent Ijunph cells m the 
blood picture durmg the catarrhal stage When pertussis is com- 
phcated by pneumonia the count may rise to a tremendous number 
and the blood picture may closely resemble lymphatic leucerma 
Cabot (1904) cites a case of pertussis-pneumonia m which there was a 
total leucocyte count of 227,870, 50 per cent of which were Ijunpho- 
cytes Crombie (1908) found a count of 233,000, ivith 58 per cent 
lymph cells, m his case of pertussis pneumonia 
Tie blood picture in smallpox vanes with the stage of the disease 
but from the onset there is a relative if not an absolute lymphocytosis 
In the earliest stages there is a normal or decreased number of leuco- 
cytes but the percentage of lymphocytes maybe as high as 60 per cent 
Hoffman (1923a, 1923b) states that from the fourth day there is a 
leucocytosis of 17,000 to 30,000 or even higher, and bis observabons 
are confirmed by other writers The leucocyte count reaches its 
highest figure on the nmth to fourteenth day and may remain as high 
as 24,000 , during the whole third week In the fourth, fifth and sixth 
weeks the count is about 9000 to 12,000 The lymphocytes show a 
strikmg increase above normal and may reach 65 or 75 per cent in the 
third week This condition may persist through the smth week after 
the onset of the disease According to Courmont and Barbaroux 
(1900) those patients who showed a low lymphocyte percentage usually 
died If there are complications they arc characterized by a neutro- 
philic leucocytosis 

It has been proved both clinically and experimentally that those 
instances of tuberculosis in which there is strong resistance, show an 
mcrcase m the percentage of lymphocytes Calmette (1922) says 
that with bemgn fibroid tuberculosis there may be a moderate 
leucocytosis, not over 10,000, and that this increase is largely confined 
to the lymph cells In a pabent with a massive mfeebon whose de- 
fense IS bemg broken down there is a leucocytosis with a dimmishmg 
percentage of lymphocytes In open progressive tuberculosis with 
cavities and caseation the count may be 10,000 to 20,000 90 per cent 
being polymoiphonudeats Bergcl (1913) says that a high lympho- 
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cyte count means an unnuxed tuberculous mfection with a favorable 
prognosis. Wright and Kmg (1911) analyzed 577 cases of tuber- 
culosis and found that those with a high lymphocyte count invariably 
improved and that a decreasing number of lymph cells accompanied a 
decreasmg resistance to the mfection Watkins’ (1911) counts on 
patients at Phoenix showed that of 13 patients actually cured the 
percentage of l)miphocytes varied from 45 to 67 per cent, and of 44 
patients showing rapidly progressing lesions the average percentage 
of lymphocytes was 25 The figtues obtained b}’- Webb, Newman and 
Gilbert (1922-23) and by Webb and Wdhams (1909) correspond well 
with those of Watkins 

The effect of tuberculosis on the blood picture of rabbits has been 
carefully studied by Sabin (1926) She says, “There is an increase 
in the percentage and m the actual number of monocytes after in- 
fection with tuberculosis and the average percentage of Ijonphocytes 
remains the same, with, however, a slight decrease in theu number ” 
She found the normal ratio of monocytes to lymphocytes 1 to 2 97 
In cases in which there was a favorable reaction to the infection the 
ratio was 1 to 3 56 In cases in which the reaction was unfavorable 
the ratio was 1 to 0 79 When the lymphocytes were consistently 
higher than the monocytes even though the actual number of mono- 
cytes was above normal she found “arrested tuberculosis vuthout 
exception ” 

Downmg, Allison and Woodman (1918) present ten instances of 
pneumothorax in tuberculous patients in aU of whom the diff'erential 
counts taken after operation showed an increase m lymphocytes of 
10 to 25 per cent over the count previous to operation 

Findlay (1920) observes that in pellagra there is an increase m the 
lymphocytes of the blood very early in the disease It may precede 
the appearance of skin lesion Eighty per cent of his cases showed a 
lymphocytosis of over 30 per cent The highest percentage was 69 
The total leucocyte coimt was shghtly mcreased 

Any disease which produces a leucopema may also produce a relative 
lymphocytosis for the d imin ution seems to be at the expense of the 
poljnnorphonuclear cells In this group are included mfluenza, 
tjTphoid fever, chicken pox, pernicious anemia and various endocrine 
disorders 
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In influenza there is early an absolute reduction in the number of 
lymph cells, 16 to 20 per cent Later the reduction m the number of 
neutrophiles is more rapid and the lymphocyte percentage is relatively 
high According to Buntmg (1921) there may be an absolute increase 
m the number of lymphocytes although there is usually a low leucocyte 
count 

The lymphocytosis of typhoid fever, also relative, may be as high 
as 46 per cent Its onset is simultaneous with the appearance of the 
leucopenia and it progresses ivith the leucopenia to the fourth, fifth 
and sixth week of the disease This reaction in typhoid fever has been 
discussed by Ewmg (1903), Buchannan (1909), Dieulafoi (1910), 
Sahh (1911), Hultgen (1911), etc 

In chicken pox the lymph cells greatly exceed the neutrophiles, 
there may be an actual increase in the number of lymphocytes although 
the total leucocyte count be lowered The following figures by 
Pantosis (1924) represent the usual course of the leucocyte count 
throughout the disease 
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In the prodromal and early eruptive stages of measles there is 
usually a leucopenia with a relative lymphocytosis which persists 
during convalescence (Usbeck, 1923) Occasionally there is an 
absolute as well as relative lymphocytosis but such cases are rare 
In mumps there is a leucopenia and a relative lyunphocytosis which 
IS particularly marked in the late stages (Felling, 1913) 

Of pernicious anemia, Ehrlich (1905) says that the lymph cells shoiv a 
regular increase in percentage which may be as lugh as 63 per cent 
The total iihite count is low 

Rcider (1892) analyzed 12 cases of chlorosis and found on an average 
33 per cent lymphocytes although some showed as much as 55 per 
cent lymph cells 

Falta (1923) found m exophthalmic goiter and myxedema a leuco- 
penia until a relative lymphocytosis of 40 to 50 per cent In speaking 
of sporadic cretinism, he says, “There may be an enormous reduction 
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m the polymorphonuclear leucocyte count and a corresponding 
increase m the lymphocytes even when we consider that in children 
the number of neutrophiles is smaller than m adults ” In “multiple 
gland sclerosis” in which many of the ductless glands showed a some- 
what pathological picture, he found not a leucopenia, but a mild 
leucocytosis with the increase formed by mononuclear cells and 
eosmophdes Borchardt (1912) cites one instance of exophthalnuc 
goiter m which the blood picture showed 69 per cent lymphocytes 
These pictures are sinular to those reported by Gordon and von Jagic 
(1908) 

According to Perry (1896) feedmg thyroid gland produces a relative 
lymphocytosis He fed a number of insane patients 30 to 50 grains 
thyroid gland daily Total leucocyte counts and differential counts 
were made before the institution of treatment, during treatment, and 
in some cases for a short time after its discontinuance In every case 
there was a decided relative mcrease in the lymphoid cells with no 
change in the total leucocyte count Some of the cases presented a 
very low initial count and m these, although there was a definite in- 
crease m the lymphocytes, the ultimate amount was not above normal 
As an example, case IV had an initial count of 8200 with 10 8 per cent 
small lymphocytes and 3 6 per cent large lymphocytes The patient 
was fed 40 grains of thyroid gland daily On the third day the 
differential count showed 20 7 per cent small lymphocytes and 4.0 
per cent large lymphocytes In other cases the small lymphocytes 
reached 55 per cent, the preliminary count having been 30 to 31 
per cent small lymphocytes In case V the relative lymphocytosis 
induced by the feeding of 31 grains of thyroid daily persisted through- 
out ten days of freedom from treatment 

Many tropical fevers, kala azar (Rogers, 1919), dengue (Rogers, 
1919, Vedder, 1907), typhus (Rogers, 1919), and trypanosomiasis 
(Rogers, 1919) are characterized by a leucopenia with a relative 
lymphocytosis In malaria (Vincent, 1897 , Stephens and Christopher, 
1899-1902, and Rogers, 1919) there is usually a relative increase in 
the large mononuclear cells with occasionally an mcrease in the 
lymphocytes If the case be one in which there are very large numbers 
of parasites the increase may be not only relative but absolute since 
in such cases the total white count may rise as high as 20,000 In 
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Malta fever, also, there is an absolute lymphocytosis (Rogers, 
1919) 

In syphilis (Hazen, 1913) the blood picture varies with the stage 
of the disease and treatment In untreated secondary lues the total 
leucocyte count may be as high as 20,000 with the increase due to 
polymorphonuclear cells With treatment the total cell count drops 
and the lymphocyte percentage rises, the average being 42 per cent 
m cases with a papular eruption In untreated tertiary syphilis 
the total cell count and the differential is usually normal, but with 
treatment the percentage of lymphocytes rises 
There are leucopenias other than those produced by disease which 
have a relative lymphocytosis Widal’s (Widal, Abrami and lan- 
covesco, 1920) hemoclasic cnsis (which consists of a sharp drop in 
the leucocyte count following ingestion of 200 cc of milL in cases of 
hepatic insufficiency) is a leucopenia with a relative lymphocytosis 
It has been described as an “exode leucocytaire” for there is a sudden 
drop in the number of polymorphonuclear cells while the lymphocytes 
remain in the blood stream in the same numbers This hemoclasic 
crisis is said to be normal in young infants followmg the ingestion of 
food (Dorlencourt, Banu et Paychere, 1921) However m these cases 
there is no actual increase m the number of lymph cells m the blood 
stream Garrelton and Santenois (1921) produced an actual mcrease 
in the lymphocytes following the injection of peptone and pilocarpine, 
but their figures as to the effect of the shock so produced are of no 
value because pilocarpine alone brings about an increase in lymph 
cells The “choc hemoclasic” produced by Tinel and Santenois 
(1921) and Tinel (1923) with the oculocardiac reflex (vagal stimulation 
brought about by firm pressure on the eyeballs) is another example of a 
relative lymphocytosis with leucopenia 

RELATION OF THE LYMPHOCYTE TO DIGESTION AND NUTRITION 

The leucocytosis which follows the ingestion of food is well known 
and It IS generally agreed that tlie maximum rise m the total leucocyte 
count (it may double the original number) occurs two or three hours 
after a meal Pagnicz and Plichet (1923) obtamed the followng 
results m their differential counts of blood in patients after ingestion 
of a standard meal 
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NEUTROPHILES 

LYMPHOCYTES 

Before 

2 hours after meal (ma-umum nse) 

m 

3,500 

I 4,500 1 



The results m 9 other patients were similar The neutrophiles and 
lymphocytes rise together These observations correspond to those 
of Reider (1892) and of Da Costa (1901) Brodin and St Girons 
(1918) find the increase in total count due almost altogether to poly- 
morphonuclear cells Emile-Weil (1920) maintams that although 
the initial leucocytosis may be characterized chiefly by neutrophiles, 
there is a “lymphocytose digestive tardive” which occurs about seven 
hours after mgestion of food This late rise is a true digestive lympho- 
cytosis which may amount to 40 per cent He examined microscopic 
sections of the intestme of cat, rabbit, pig and rat durmg the process 
of digestion and found an apparent increase in lymphoid tissue with 
an abundance of lymphocytes in the intestinal waU durmg digestion 

The kmd of diet on which an animal lives has a defimte influence 
on the amount of lymphoid tissue present in the body but it has no 
relation to the blood picture Czerney (1907) finds some association 
between the amount of body fat and the amount of lymphoid tissue 
Settles (1921) carried on experiments on kittens to determine the 
effect of high fat diet He found that in kittens receiving a large 
amount of fat the lymphoid tissue was noticeably greater than in 
kittens on a low fat diet Lefholtz (1923) carried the experiments 
further to determine the effect of a high caloric diet of any variety, 
protein, carbohydrate or fat supplying the excess calories He found 
that the size of the cervical lymph nodes, the thymus, and the spleen 
had no relation to diet The mesenteric nodes and the pharyngeal 
and palatine tonsils were decidedly larger m animals on high fat diet 
while the high caloric diet of any variety produced a much larger 
amount of lymphoid tissue than a normal diet The lymphoid tissue 
of the buccopharyngeal cavity and intestmes was apparently regulated 
by the caloric mtake and specifically mfluenced by the fat content of 
the diet 

Clark and Clark’s experiment (1917), in which they injected 
fat droplets into a tadpole’s tad. and watched the cellular reaction 
which followed, shows that fat has a special attraction for the lym- 
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phocyte The droplets were surrounded by a circle of ]yinphoc>des 
after injection, the polymorphonuclear cells were much slower in 
accumulatmg Branchmg ljunphoid vessels could be seen pushing 
out toward the fat It did not take long for the droplets to be com- 
pletely absorbed 


LYMPHOCYTES AFTER SPLENECTOMY 

Splenectomy is regularly followed by an mcrease of lymph cells 
m the blood KurlofF (1888) found a gradual and progressive increase 
of the blood lymphocytes which doubled and tripled their number m 
the course of a year or two after splenectomy The number of other 
cellular elements m the blood was practically unchanged He also 
found that the hypertrophy and hyperplasia of the lymph nodes, 
especially of the mesentery, which develops alter the operation occurs 
very frequently Of the duration of the blood lymphocytosis he says, 
"The condition of lymphemia may persist exceptionally for years, 
although in the majority of cases it retrogrades during the course 
of the first year even to a condition m which a smaller number of 
lymphocytes than normal is produced ” His observations have been 
confirmed by numerous workers since his time Matthew and Miles 
(1907) following the course of the blood picture after excision of the 
spleen for traumatic rupture obtamed the following results 
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They also observed enlargement of the lymph nodes following the 
operation but they remark that it is not great and not permanent 
Roughton, Leg and Emery (1907) found similar blood pictures 
Hall (1920) claimed that there were three periods following splen- 
ectom). , each with a characteristic blood picture He ates a case m 
which a splenectomy was performed in August The first penod 
Was of one montii’s duration and in that time all of the cells were 
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equally increased During the second period (September and 
October) there was a marked variation m all the leucocytes, but in the 
third period (November) there was a slight leucocytosis (average 
11,570) entirely due to the l 3 anphocytes (39 5 per cent) He does 
not follow the case beyond the fourth post-operative month 

Pearce, Eliumbhaar and Frazier (1918) found an mitial polymor- 
phonuclear leucocytosis with a late shght mcrease in lymphocytes 
following splenectomy They made a particular study of the bone 
marrow and lymph nodes in dogs and found a hyperplasia shortly after 
operation, however, it was of short duration and no new formation 
whatsoever was observed in late periods after the operation In 
contrast to the observations of Tizzoni (1882), Mosler (1884) and 
Warthm (1902) no new formation of hemoljonph nodes was noticed 
They found h 3 perplasia of the bone marrow several months after the 
operation but it did not involve the lymphoid cells more than any 
of the other bone marrow constituents In a monkey which had 
undergone splenectomy, partial myelectomy and nodectomy two years 
previously and which had received injections of camphorated oil 
shortly afterward, Krumbhaar (1922) found the bone marrow studded 
with lymphoid folhcles The number of experimental procedures to 
which the animal had been subjected made it impossible to assign a 
definite cause for the metaplasia 

In general the opmion seems to be that following splenectomy 
there is a late lymphocytosis in the blood appearing four months to 
one year after the operation and persistmg two or three years There 
is a shght mitial enlargement of the lymph nodes but it does not 
persist There is little if any increase in the lymphoid elements in the 
bone marrow 

EXPERniENTAL PRODUCTION OF LYMPHOCYTOSIS 

Exposure to dry heat provokes an extreme and enduring mcrease 
in the lymph cells in the blood and an mcrease in lymphoid tissue 
in the body The work on blood coimts in tropical coimtries will be 
taken up under the effect of sunhght, for although the heat of the 
sun may play a part in raising the percentage of lymphocytes, the 
hght of the sun may be equally important Murphy and Sturm 
(1919a) exposed roice to dry heat at 55° to 65°C. for five minutes and 
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found that there was a distinct fall m the white count immediately 
after exposure Both neutrophiles and lymphocytes were involved 
in the decrease The neutrophiles, however, recovered slowly while 
the lymphocytes mcreased so rapidly that by the second week after 
heating the count often reached a pomt 200 to 300 per cent above 
normal The large lymphocytes predommated in the early stages 
and the small lymphocytes in the later stages of recovery Waro 
Nakahara (1919), investigating the source of these mononuclears, 
came to the conclusion that actual proliferation of the lymphoid 
tissue gave rise to the increase in lymph cells in the blood He found 
that the spleen showed a certain amount of necrosis outside the ger- 
minal center immediately after exposure to heat but there was no 
change, at this time, in the germinal center itself Forty-eight hours 
later there was more marked necrosis but the gerrmnal center had 
become very active On the fourth day necrosis was rapidly dis- 
appearing and the germinal center was still showing activity The 
picture in the lymph nodes closely resembled that in the spleen 
The effect of sunlight on the blood count of people of the tropical 
countnes has been the subject of speaal investigation by Wickline 
(1908), Phalen (1910), and Chamberlain and Vedder (1911) AH 
found a lymphocyte increase which was relative only The total 
leucocyte count remains the same while the percentage of neutro- 
philes decreases as the lymphocyte percentage rises AVidJine took 
blood counts of soldiers recently arrived in the tropics, December, 
1905 The average lymphocyte percentage at that time was 23 8 
per cent Two years later, Apnl, 1907, the average percentage had 
risen to 34 The total leucocyte count remained the same Phalen’s 
observations corroborate these findmgs He made the additional 
observation that the lymphocyte percentage was slightly higher in 
blondes (33 per cent) than in brunettes (29 per cent) 

Taylor (1919) made blood studies of individuals who had been 
exposed to sunlight at Woods Hole and who had acquired a tan over 
the greater part of their bodies Hiosc of his group, namely, 25 per 
cent, w ho showed a definite mcrease in lymphocytes were aH tanned to 
a greater or less extent Those who showed no increase in lympho- 
cj tes were of a pasty type who never tan 
Janet Clark (1921) tried the effect of light rays of varymg wave 
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length from various sources upon guinea pigs With the bare iron 
arc (wave length of 238/x/i and above) she found a normal polymor- 
phonuclear coimt, and, except for an initial drop immediately after 
exposure, a lymphocyte count above normal during three weeks The 
maximum rise on the fifth day, amounted to over 100 per cent over the 
original count When the hght was passed through a glass screen 
transmitting wave lengths of 320 mm and above, the total coimt re- 
mained unchanged immediately after exposure, although there was a 
fall of lymphocytes balanced by an increase in polymorphonuclear 
cells Three days after exposure the total count dropped and re- 
mained low until the fourteenth day, after which there was a gradual 
return to the ongmal count All filters which cut out the wave 
lengths from 280mm to 320, the so-called “far ultra-violet’’ light, 
caused a decrease m lymphocytes Only those filters which permitted 
the passage of the far ultra-violet would produce a lymphocytosis 
The total effect of sunlight, according to Clark, is usually a balance 
between the effect of those rays which stimulate lymphocyte produc- 
tion and those which depress it Repeated irradiation had no greater 
result than a single exposure In these experiments the effect of heat 
was excluded 

Thomas, Taylor and Witherbee (1919), Murphy and Morton 
(1918), Sittenfiield (1918), Murphy and Nakahara (1920), Nakahara 
and Murphy (1922) have produced an equally definite and lasting 
l 3 miphocytosis by the use of x-ray m small doses Large doses produce 
definite destruction of lymphoid tissue, but with properly regulated 
technique the lymphocytes (m mice) increase from 4000 to 6000 lymph 
cells per cubic millimeter (2000 cells increase) This mcrease occurs 
m from four to fourteen days after exposure and persists during two 
or three weeks There is an initial lymphopenia immediately follow- 
ing x-ray exposure, just as there is followmg a dry heat exposure 
Nakahara (1919) found that the blood picture induced by dry heat and 
that induced by x-ray were indistinguishable, but the microscopic 
changes in the lymph nodes and spleen were somewhat different 
Necrosis was seldom seen and mitotic figures in the germinal centers 
were numerous The stimulating effect appeared immediately after 
treatment and became more evident m two or three days It persisted 
in slight degree until the fourteenth day He believes that the 
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lymphocytosis caused by Y-ray is due to a pnmary stimulative effect 
of the agent, and hence is fundamentally different from the similar 
lymphocytosis induced by heat which is a regenerative phenomenon 
That altitude has an effect on the leucocyte picture has been asserted 
by many authors Staines, James and Rosenberg (1914) took differ- 
ential counts of medical students and monkeys m New York City 
and at an altitude of 6000 feet in Colorado, and they say in con- 
clusion “It is certainly safe to say that at an elevation of 6000 feet 
the larger lymphocytes are absolutely increased m the circulating 
blood by about 20 to 30 per cent m both men and monkeys ” The 
total leucocyte count was the same at both levels Webb and Wil- 
liams (1909), and Staubli (1910), Baer and Englesman (1913) also 
found a very definite increase m the percentage of lymphocytes at 
higher altitudes Gilbert’s (1911) counts were taken at vanous al- 
titudes, from below sea level in the Salton Sink, California, to 9000 
feet at Ward, Colorado He found at each of these pomts a 
lymphocyte percentage of 38 to 43 per cent His opmion is that 
perhaps the altitude alone is not responsible for the high percentage of 
lymphocytes, but that the amount of sunshme in such places as 
Phoenix, Arizona, or Salton Sink may be a factor 

An increase m the lymphocytes of the circulatmg blood may be 
brought about m other ways than by increasing the total number of 
lymphocytes in the body, lymph cells may be forced into the circula- 
tion from the vanous lymphatic depots such ns spleen and lymph 
nodes, by mechanical pressure or by increasing the volume flow of 
lymph through these organs 

Contraction of the smooth musde m spleen and lymph nodes by 
means of vanous drugs mechanically forces lymphocytes mto the 
blood stream The production of lymphocytosis by drugs was 
attempted bj Horbaczewski (1891) and by Ruzicka (1893) Harvey 
(i906) tried pilocarpine as well as barium chloride, muscarmc and 
adrcnalm 'htloTc and alter mjechon of these drugs into the ear 
vein of a dog, cat and rabbit, he made total and differential leucocyte 
counts and obtained the results shown in table on page 20 

It was his opinion that the lymphocytosis was produced by con- 
traction of the plain muscle in spleen and lymph nodes 
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Pilocarpine, 0 001 gram 

5,866 

9,733 

per cent 

43 

per cent 

66 

Muscanne, 0 5 cc 


17,200 

33 

45 

Eanum cUonde, 0 01 gram 


12,233 

36 

52 

Adrenalm, 3 cc 1 per cent solution 

BB 

6,200 

37 
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Peyton Rous (1908) collected lymph as it dropped from a cannula 
in the thoracic duct following injection of pilocarpine and following 
muscular activity. The lymph was mixed with equal parts of citrate 
solution and counts were made of the cells it contained He found 
that during muscular activity the output of cells from the thoracic 
duct, mostly Ijonphocytes, was tnpled or quadrupled. There was an 
increase in volume flow 'as well as in cellular content Pilocarpine 
also caused a rise in the number of cells The effect is due, he thinks, 
to contraction of the smooth muscle in spleen and lymph nodes He 
also gave glucose solution intravenously, and although the individual 
drops of lymph were poor in cells, the whole output was very large 
and suggested that the total blood count might be increased 

R L Dixon (1912) demonstrated that vigorous massage of the 
spleen would cause an mcrease in the lymphocjdes of the thoracic 
duct. The increase in mononuclears of the thoracic duct lymph 
following injection of pilocarpine with splenectomized animals he 
attributes to the mechanical action of the heightened activity of the 
respiratory organs and the intestine 

Lee (1922, 1924) found that the rise in the number of lymphocytes 
in the general circulation following pilocarpme was unchanged by 
hgation of the thoracic duct. He concludes that the lymphocytes 
may be either sent through the thoracic duct or forced directly into the 
circulation 

Meuniere (1898) suggested that the lymphocytosis of whoopmg 
cough might have a mechamcal origin, for he observed it during 
paroxyms of coughing Capps (1896) and Burrows (1899) who 
studied patients vith convulsions, and Larabee (1902) who worked 
with athletes nmnmg a 25-mile race, state that there is a leucocytosis 
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of muscular e\ercise m whicli the lymphocytes may be absolutely 
increased to a slight extent, but the increase in leucocytes is largely 
due to an increased number of polymorphonuclear cells 

EXPERIMENTS TOTH LYMPHOCYTES IN VITRO 
Experiments upon Ijunphocytes and lymphoid tissue in vitro aid 
in the understanding of the reaction of lymphocytes in vivo The 
simplest experiments were those of Pappenheimer (1917) who, by the 
use of the vital dye, trypan blue, determined the viabihty of the 
cells in various solutions He found that hypotonic salt solutions 
were better borne by the lymph cells than hypertonic solutions A 
pH of 6 8 to 7 2 IS optimum, when solutions were made either more 
acid or more alhalme, the percentage of dead cells in his suspensions 
was greater A temperature of 36° to 48° was optimum, above 51°C , 
practically all the cells were killed Strong concentrations of oxygen 
or carbon dioxide increase the percentage of stamed cells Irradiation 
with x-ray brought about no appreciable change When a photo- 
sensitive substance was added to a suspension of cells and the mixture 
exposed to sunlight for one hour, there was a great increase in dead 
cells Cells from animals with chronic inanition and from old animals 
were more sensitive than those of younger anunaals Serum or other 
colloid substance added to tlie suspension of cells, seemed to protect 
them 

The migration of lymphocytes has been observed in tissue cultures 
Lewis and Webster (1921) found that m cultures of human lymph 
nodes, the lymphocytes were the first to move out from the original 
bit of tissue They showed active ameboid movement Other cells 
migrated, but their action was much slower McCutcheon (1924) 
found that at body temperature 54 per cent of the lymphocytes in a 
tissue culture showed obvious locomotion during the first hour, and 
that by the ninth hour, 100 per cent showed locomotion The rate 
increased each hour By contrast the neutrophilcs had only a bnef 
period of acceleration followed b> a gradual slowing of locomotion 
Carrel and Ebhng (1923) found that lymphocj'tes migrated and 
multiplied, but showed no tendency to form tissue They did not 
gadier into groups of cells except about foreign bodies which hap- 
pened to be in the medium The ability of the lymphocyte to utilize 
serum in tissue cultures has been mentioned above 
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Murphy, Liu and Sturm (1922) suspended lymphocytes from 
thymus and from normal lymph nodes in normal serum and in serum 
of rats which had been exposed to x-ray The so-called short stimulat- 
ing dose was given Counts of the cells in such suspensions were taken 
immediately afterward, two hours afterward and four hours afterward 
with the following average results 
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This outcome seemed to indicate that the serum from animals - 
which had been x-rayed had a stimulating effect on lymphocytes 
Microscopic examination of the cells from these suspensions showed 
that active mitosis was taking place whereas there was no mitosis in 
the cells suspended m normal serum 

In their later experiments blood was drawn from normal animals 
and the serum exposed to x-ray Lymphocytes were then suspended 
in it and counts made as in the previous experiments The counts 
from this suspension did not differ from those from a suspension in 
normal serum They concluded that some change had been brought 
about other than that in the serum itself for stimulation of the 
l)anphoid cells occurs only in the serum of living animals exposed to 
irradiation 

CONCLUSIONS 

Studies of the lymphocytes have yielded relatively few decisive 
results Of greatest clinical mterest are the responses of lymphocytes 
to mfection and to physical agents, but the real significance of such 
responses will be determined only when more is known about the 
physiology of these cells The technique of tissue culture is improving 
rapidly, and study by that method may help to define the function 
of the lymphocyte 

The position of lymphoid tissue and of the lymph nodes and the 
changes which they undergo in the presence of irritants show that 
they have some part m protecting the body from injurious agents, 
but how they act is not clear The occurrence of lymphocytosis in 
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association OTtli certain infectious diseases is further evidence that 
lymphocytes have a part in the reaction against mjurious agents, but 
conditions which cause polynuclear leucocytosis on the one hand, 
and lymphocytosis on the other are not definable 
Lymphoid tissue imdergoes variations with age and the changes 
during adolescence are especially worthy of note but the significance 
of these changes is not evident Physical agents which, appropriately 
applied, produce lymphocytosis are heat, ultra-violet rays, and roent- 
gen rays, but mvestigation has not definitely revealed their mode 
of action 
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EXPERIMENTAL STUDY OF THE LEUCEMIAS AND 
LYMPHOMATA 

A Review 
EUGENE L OPIE 

from ihe Henry Plitpps Insitiule, Unnerstly of Pennsylvania, Phladelpha, 
Pennsylvania 

The literature of leucemia and aleucemic lymphoma has been 
review ed to determine how the disease may be studied to the best ad- 
vantage by evperunental methods It has seemed desirable to mclude 
in the survey various types of leucemia on the one hand, and on the 
other hand, lesions of l3unph nodes such as aleucermc lymphoma, 
lympho-sarcoma and l)mpho-granuloma, for the reason that no sharp 
line can be drawn between them 

There has been almost unanimous agreement that none of these 
diseases can be transferred from one species to another Evidence is 
wantmg that leucemia m mammals can be transferred to other animals 
of the same species, and the same statement can perhaps be made of 
aleucemic lymphoma In view of the widespread desire to reproduce 
tumors of lower animals by experimental methods, it is probable that 
the number of unsuccessful attempts is much larger than pubhshed 
records indicate One type of tumor, which has its origin m the lymph 
nodes of dogs, is readily transmitted by natural and artifiaal means, 
but this so-called “infectious lympho-sarcoma” of the dog has many 
characters which distinguish it from the true neoplasms The disease 
knowm as leucemia of fowls is easily transmitted to other fowls and 
in the opmion of most who have studied it, is caused by a filterable 
vims It IS noteworthy that the transmissible sarcoma of fowls 
described by Rous (1908) is likewise caused by a filterable virus and 
in this respect differs from the malignant tumors of mammals 

EXPEimtEMS WITH HUMAN LEUCEMIA 

Onl> one investigator has attempted to transfer leucemia from one 
human being to another Schupfer (1905) injected blood from a 
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patient witii myelogenous leucemia into the venous system of three 
persons •with carcmoma, one died a month after the injection, the 
second four and one-half months, and the third ten and one-half 
months afterwards Leucopenia was noted in the first case but no 
change was observed in the blood of the other two A fourth patient 
■with carcmoma received mtravenously blood from a patient with 
acute lymphatic leucemia and a neutrophil leucocytosis present 
before the injection dimmished slightly This author suggests that 
patients "with mahgnant growths may be unfavorable subjects for 
the development of leucemia 

Numerous attempts have been made to transfer human leucemia 
to lower animals Especially noteworthy are eiqieriments made on 
monkeys Nette (1890) has described experiments in which four 
monkeys (Macacus cynomolgus) received into the peritoneal cavity 
blood (4 cc , 5 cc. or 10 grams) from a patient -with myelogenous 
leucemia He failed to reproduce the disease A fifth monkey re- 
ceived through a laparotomy wound a piece of spleen from another 
patient ■with myelogenous leucemia, and the outcome was the same 

Blood (15 cc.) from a patient ■with acute lymphatic leucemia was 
injected by Ottenberg (1909) into a vein of a macacus monkey A 
second animal received intravenously 10 cc of spleen pulp No evi- 
dence of leucemia was discovered though both monkeys were kept 
under observation during six months Hirschfeld and Jacoby (1909b) 
cite a smular unsuccessful experiment on a monkey 

No leucemic changes were found by Ludke (1910) in two monkeys 
t^wice injected intravenously ■with freshly drawn blood from a patient 
with myelogenous leucemia A macacus monkey not only received 
leucemic blood ■with the same result, but also repeated injections of 
emulsions prepared from spleen and bone marrow of myelogenous 
leucemia. In two young macacus monkeys production of anemia by 
means of p3T:odm preceded injection of blood from a patient with 
myelogenous leucemia The blood was introduced into splenic tissue 
and into the peritoneal ca^vity, but leucocytosis was the only change 
■which followed 

In experiments cited by G. Muller (1913) chronic myelogenous 
leucemia was not reproduced in monkeys by injection of from 5 to 
10 cc of blood into subcutaneous tissue, vems, peritoneal ca^sdty, 
substance of the spleen or bone marrow. 
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Unsuccessful experiments on 33 monkeys (Macacus cynomolgus) 
were made by Leschly and Thomsen (1917) Blood (3 to 5 cc ) from 
patients with lymphatic or myelogenous leucemia was injected, in 
most instances into the veins but occasionally into subcutaneous 
tissue or into the peritoneal cavity Experiments xnth lymph node 
and spleen from a patient with pseudo-leucemia were fruitless 
Unsuccessful attempts to transfer leucemia to dogs and rabbits 
are described by Hosier (1872) Netti (1890) injected blood of 
splenomyelogenous leucemia into the ear vein and peritoneal cavity 
of 4 rabbits and into the subcutaneous tissue of mice Intravenous 
mjection of leucemic blood into 3 pigs, m one instance preceded by 
withdrawal of blood, was equally unsuccessful, as was also introduction 
into a pig of a bit of spleen of myelogenous leucemia Inoculation of 
fowls was likewise without result Teirhmuller (1899) ates un- 
successful experiments on guinea pigs and mice and Angebaud (1908) 
on guinea pigs 

The only investigator who has daimed success in transfemng leu- 
cemia of man to lower animals is Wiczowsky (1913) A hen which 
received pleural exudate from a patient ivith leuceima exhibited 6 
weeks later blood changes similar to those of the patient but diilerent, 
it IS said, from those of leucemia m fowls Post-mortem changes 
showed the presence of a disease resembling leucemia It is, however, 
not improbable that the fowl suffered from spontaneous leuceima, for 
experiments made by other investigators, namely, Netti (1890) 
Hirschfeld and Jacoby (1909a), and Ellermann (1921b) had no sig- 
nificant result 

After the injection of leucemic blood into rabbits Schupfcr (1905) 
found IcucQcytosis but none of the changes of leucemia Inoculation 
of bats was unsuccessful 


LEUCEMIA IN MAMMALIAN SPECIES 

Veterinary literature contains many references to leucemia in 
domestic animals but few dcscnptions of changes in the blood and 
lesions of blood forming organs in suffiaent detail to identif> the 
disease witli certainty In manj instances diagnosis of leucemia 
has been made when changes in the blood have had little resemblance 
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to those in leucemia in man In other instances no examination of 
the blood has been made during life and specimens prepared from the 
heart’s blood after death or contents of blood vessels observed m 
histological preparations have supported uncertain deductions con- 
cerning the nature of the disease Special attention will be given to 
cases in which the blood and blood-formmg organs have been ade- 
quately studied Although reports of lymphatic leucemia in animals 
often describe doubtful changes in the blood and estabhsh only the 
occurrence of lymphomatous tumors widely distributed in lymph 
nodes and other organs of the body, yet numerous mstances of similar 
l 3 miphomata and lymphomatous infiltration do occur with no leuceimc 
change m the blood Special attention will be given to leucemia in 
dog, cattle and nuce, because there is a considerable accumulation of 
information about the disease in these animals 

Changes which might be mistaken for leucemia have been produced 
experimentally Transient leucemia-like changes in the blood of a 
macacus monkey were produced by Ludke (1910) by subcutaneous 
injection of pyrodin (0 05 gram) followed, after two weeks, by four 
injections of virulent streptococci made during the course of one and 
a half weeks Before the injection of pyrodin, the leucocytes num- 
bered 8800 and the difierential count was normal, before the inj'ection 
of streptococci there was moderate anemia, the leucocytes numbered 
21,400 but the difierential count had undergone no great change 
After each injection of streptococci, the eosinophil cells rose to approxi- 
mately 24 per cent Two weeks after the last injection of strepto- 
cocci, the leucocytes amounted to 67,000 and the difierential count 
was as follows, lymphocytes 27 per cent, polymorphonuclear leuco- 
cytes 21 per cent, eosinophils 8 per cent, large mononuclear and 
transitional forms 18 per cent, nucleated red corpuscles 16 per cent, 
neutrophil myelocytes 9 per cent, eosinophil myelocytes 10 per cent 
Similar changes were found after four weeks, but after three months 
the blood was normal 

Almost identical changes were produced in four dogs by similar 
procedures Ludke (1910) injected pyrodin (0 1 gram) subcutane- 
ously into a dog whose blood was approidmately normal (leucocytes 
13,000), and after intervals of six, eleven and fourteen days inj'ected 
intravenously small quantities of both streptococci and staphylococci 
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Ten days after the last injection the leucocytes Mere almost 90,000, 
there was anemia and the differential count of the leucocytes was as 
follows lymphocytes 22 per cent, polynuclear leucocytes 54 per cent, 
eosinophils 6 per cent, mononuclear and transitional forms 8 per cent, 
myelocytes 10 per cent The animal died ten days later Similar 
changes were found m the blood of three dogs which received the same 
treatment In two of them, which survived, leucerma-like changes 
in the blood disappeared 

Leiiccmta and related diseases in the dog In records of leucemia from 
the older literature of the subject there are no counts of red or white 
blood corpuscles and no differential counts In the case desenbed 
by Sicdamgrotzky (1872) the spleen was enormous (1175 grams), all 
of the lymph nodes were enlarged and the relation of w'hite to red 
blood corpuscles was 1 to 15 Bollinger (1874) found m a dog hyper- 
plasia of the spleen and lymph nodes and leucemic mfiltration of 
the lungs and liver The ratio of white to red corpuscles m the heart 
and coronary artery after death was 1 to S He designated the con- 
dition splenic and lymphatic leucenua An emulsion prepared from 
tlie spleen was mjected through the chest wall mto the lung of a normal 
dog mthout noteworthy changes In a second dog there was a 
lymphoma the size of a child’s head arising from the spleen which was 
otherwise normal in appearance, the relation of white to red corpuscles 
in the blood of the coronary artery was slightly increased (1 to 30 or 
40) and also in the splenic vem (1 to 10 or IS) The condition was 
called simple splenic leucemia because, in association wnth other 
evidence of leucemia, the spleen was the site of a tumor mass 
Leucemia m a cat was also described by Siedamgrotzky The ani- 
mal died with internal hemorrhage, there was hyperplasia of lymph 
nodes and the spleen was double the usual size He designated the 
condition splenic Ijmphatic leucemia of slight grade 
Instances of leucemia in which blood and blood-forming organs 
were carefully studied are described by Lmilc-Weil and CIerc(1904, 
a, b, c, 1905, a, b, c) In one animal the white blood corpuscles 
numbered 320,000 ten days before death, tlie lymphocytes being 
88 per cent, monocytes 3 per cent, plasma cells 1 per cent and poly- 
nuclear leucocytes 8 per cent All lymph nodes, the liver and spleen 
were enlarged The bone marrow was almost wholly replaced by 
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lyinphoc 3 ftes In the lymph nodes, hver, kidneys and mammary 
gland normal structure of the organ was obhterated m places by 
infiltration with l 3 anphocytes In a second animal the leucocytes, 
one month before death, numbered 18,700, polynuclear leucocytes 
being 59 8 per cent and lymphocytes 28 4 per cent Immediately 
before death the leucocytes were 21,200, polynuclear leucocytes 24 
per cent and l 3 nnphocytes 60 5 per cent The lymph nodes were 
enlarged There was no autopsy 

The opinion of fimile-Weil and Clerc (1904b) that their first case 
is a typical instance of lymphatic leucemia is confirmed by their 
description The high white blood count, the predominance of 
lymphocytes, the general enlargement of lymphatic nodes and the 
lymphomatous infiltration of bone marrow, spleen, liver and kidney 
identify the disease Unsuccessful attempts were made by these 
observers to transfer lymphatic leucemia by inoculation with blood 
and with lymph nodes of this animal Intravenous (15 cc.) and 
mtrapentoneal (50 cc ) inoculation with blood and subcutaneous in- 
oculation ^vith tissue from an enlarged lymph node failed to reproduce 
the disease In their second case the character of the disease is wholly 
undefined 

The two following instances described by Wirth (1920) were perhaps 
examples of aleucemic lymphoma rather than of leucemia In a 
dog with general enlargement of lymph nodes the leucocytes were 
24,000, polynuclear leucocytes 60 1 per cent and lymphocytes 39 1 
per cent At autopsy the lymph nodes and tonsils were found to be 
enlarged There was catarrhal bronchitis and hemorrhagic gastro- 
enteritis The spleen was much enlarged and the hver contamed 
numerous large foci in which cells of lymphoid type were massed 
together The structure of the spleen and of the lymph nodes was 
obscured by the same kmd of cells In a second animal the leucocytes 
were estimated at approximately double the normal number^, the 
l 3 miphocytes were 43 2 per cent, two thirds being large lymphocytes 
The lymph nodes were much swollen and the hver and spleen were 
enlarged by leucemic infiltration 

A disease regarded as myelogenous leucemia was seen in two dogs 
b\* Enfile-Weil and Clerc (1905, b, c). In one mstance the leucocytes 
numbered 165,000 of which 93 per cent were polynuclear leucocytes 
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and 7 per cent mononuclear leucocytes, there were no myelocytes 
The lymph nodes were enlarged but there rvas only a shght swelling 
of the spleen The bone marrow was said to contam myeloblasts 
almost exclusively In the second case white blood corpuscles were 
roughly estimated at 50,000 and the differential count gave polynu- 
clear leucocytes, 88 per cent, eosmophil cells, 0 4 per cent, monocytes, 
5 6 per cent, myeloblasts (cells of Turk), 4 per cent, and myelocytes, 
2 per cent In the bone marrow these were chiefly myeloblasts 
Infiltration of the organs with cells regarded by the authors as myelo- 
blasts was thought to be leucemic Changes in the blood of these 
two animals do not estabhsh the diagnosis of leucemia 
Wirth fl920) has described eleven instances of myelogenous leu- 
cemia in dogs but says that the typical blood changes of myelogenous 
leucemia as they occur in man have not been observed m domestic 
animals Anemia, in these cases, was occasionally advanced A 
moderate increase of leucocytes usually occurred (25,000 to 40,000), 
exceeding 45,000 in only one instance (87,000) This increase in 
white corpuscles was in great part referable to polymorphonuclear 
leucocytes (usually 85 or 95 per cent) Eosinophil cells were dimin- 
ished and myelocytes were present in small number, namely, 0 1 to 
3 per cent (in one instance 6 per cent) and a few cells regarded as 
myeloblasts were found (0 to 4 per cent) These changes, the author 
states, differ widely' from those in human leucemia and resemble ad- 
vanced leucocytosis, so that the disease m terms of human pathology 
might be regarded as "myelogenous aleucemia” or “subleucemia ” 
In all of these animals the general enlargement of the lymphatic 
nodes was greatest in the submaxillary and cervical nodes The 
spleen was greatly enlarged in 8 instances and in one not apparently 
enlarged In two instances it contained “leucermc" nodules The 
h%er was usually enlarged and contained gray-white nodules In 
most instances there was recognizable hyperplasia of the bone marrow 
Histologcal examination of tissues was made in 7 cases and disclosed 
tlic author asserts, typical leucemic infiltration of internal organs 
Tlie bone marrow was hyperplastic and contained granular cells in 
various stages of development, cry throblasts, and giant cells and 
exhibited, the author believes, the diaractcrs of a pure myeloid 
hyperplasia In elx instances the liver, spleen, kdnevs, lungs or 
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lymph Bodes contained accumulations of cells which in great part 
consisted of polymorphonuclear leucocytes Myelocytes do not 
appear to have been found Giant cells resembling those of the 
bone marrow were seen and about them were cells which even m the 
absence of special stains for specific granules exhibited the characters 
of myeloid cells. Histological examination of the bone marrow and 
accumulation of myeloid cells in other organs furnished the chief 
evidence, in the opinion of Wirth, that this disease of dogs has the 
characters of myelogenous leucemia 

The occurrence in a dog of myelogenous leucemia identified by 
changes in the blood and in the organs is cited by Ludke (1910) 
Emulsions prepared from fresh bone marrow and spleen of this 
animal were repeatedly injected mto the venous systems of six young 
dogs After an interval of six weeks one of them had a leucocytosis 
of 85,000, anemia with nucleated red blood cells and myelocytes vary- 
ing from 5 to 10 per cent These leucemia-like changes disappeared 
after about three weeks 

Tumors described as lympho-sarcoma and formed by small lymphoid 
cells have been repeatedly seen in dogs. Frohner (1894) described 
lympho-sarcoma of the heart and kidney Loubet and Babeau (1897) 
found a voluminous mass at the base of the heart which perhaps had 
its origin in the thymus with metastases in peritoneum, hver, kidneys 
and scrotum Magnusson (1916) observed a lympho-sarcoma of the 
heart which apparently had its origm in the lymph nodes of the neck, 
another of the kidney or adjacent lymph nodes with metastasis to the 
heart, and a third infiltrating the myocardium “Pseudo-leucemia” 
in a dog was described by MUks and Goldberg (1919) The animal 
died after an illness of two months, the leucocytes were not increased 
Mesentenc l3mph nodes formed an immense mass and other lymph 
nodes were so greatly enlarged that their total weight was approri- 
mately one twelfth of the body weight Accumulation of lympho- 
cytes obliterated the normal structure The spleen was greatly 
enlarged, contained conspicuous white nodules and was infiltrated 
with cells resembhng Ijonphocytes In the liver there was massive 
periportal infiltration with lymphocgrtes 

The foregoing review shows that lymphatic leucemia occasionally 
occurs in dogs and that lymphomatous tumors are not uncommon 
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The nature, of the disease descnbed as myelogenous leucemia in dogs 
IS as yet uncertain 

Lcncuma and related diseases t» cattle Little information can be 
obtained from mstances of leucemia in cattle m the older literature 
of the subject (Wolff, 1892, Baranski, 1894) Examination of the 
blood after death is insufl5cient to estabhsh the diagnosis unless care- 
ful study of the contents of the blood vessels in various organs is made 
by means of microscopic sections 

The description by de Jong (1903) of pure splenic leucemia in a calf 
five neeks old is worthy of little consideration, for the blood examina- 
tion (white blood corpuscles 30,000) was made from the blood of the 
heart after death at a tune when all of the organs had undergone post- 
mortem decomposition The bone marrow and lymph nodes, the 
author says, showed no changes suggesting leucemia except that the 
spleen nas immensely enlarged 

In a cow Ramazotti (1907) found leucemia “lymphadenie ” The 
spleen was swollen and consisted almost wholly of enlarged follicles 
li, the lymph nodes lymphocytes m great number obliterated the 
distinction between cortex and medulla In the hver there were 
gray-white flecks consistmg of lymphocytes crowded togetlier, and the 
blood vessels were filled with cells among which lymphocytes were 
numerous 

Leucemia, regarded as lymphatic m type, in a cow (five years old), 
is adequately described by Aubcrtin and Morel (1913) There was 
a general hyperplasia of Ijunph nodes, those of the periscapular region 
measuring as much as 20 cm m length There was the homogeneous 
appearance seen in association with human lymphatic leucemia 
The spleen was enlarged and infiltrated wuth lymphocytes but the 
organ presented no remarkable change The white corpuscles were 
not counted but 20 were found m each field of the oil immersion lens, 
and the differential count was as follows poljTnorphonuclcars, 3 per 
cent, eosmopliils, 1 S per cent, mononuclears, 3 per cent, large 
mononuclears, 1 per cent, lymphocj'tcs, 84 5 per cent and large lym- 
phocytes, 6 per cent “Large lymphocytes” are cells occasionally 
found m normal blood of the cow They have basophil cy toplasm 
resembling Ijunphocytes but exceed polynuclear Icucocj'tcs in size 
No myelocytes, myeloblasts or nucleated red corpuscles w ere observed 
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In a second anunal, a calf two months old, theie was hypertrophy 
of all lymph nodes, the lumbar and mesenteric nodes being enormous 
The spleen was not enlarged but there was advanced leucemic m- 
filtration of the liver and kidneys No exarmnation of the blood was 
made during life but the blood vessels, m sections prepared for micro- 
scopic examination, contained a great number of white corpuscles 
most of which were lymphocytes 

Leucerma is said to be endemic among cows in certam districts of 
East Prussia The disease as described by Knuth and Volkman 
(1916) is associated with hyperplasia of lymphoid tissue often with 
tumor formation in heart-muscle, kidneys, mucosa of stomach and 
intestine but with none m hver, spleen and bone marrow Lympho- 
cytoma of the orbit has been seen There is an mcrease of white blood 
corpuscles with predominance of large cells resembling lymphocytes 
The disease has been designated “lymphocytomatosis ” 

In lymphocytomatosis of cattle du Toit (1917) found that cells of 
lymphoid type are greatly increased The cell, designated lymphoid- 
ocyte, which is predominant m the blood, varies much in size, has a 
round, indented, or bilobed nucleus, and is the undifferentiated pre- 
cursor of the lymphocyte It is perhaps the undifferentiated fore- 
runner of all the white blood cells as well, for it cannot be distinguished 
from cells which form granulocytes The disease often resembles, 
du Toit believes, acute lymphatic leucerma of man Nevertheless, 
in some instances the blood contains small lymphocytes in large num- 
ber and has the characters of chronic leucerma of man Since tran- 
sitions occur between the two forms it is improbable that they 
represent two distinct diseases In normal full-grown animals the 
percentage of lymphocytes is much higher than in man, namely 
49 per cent, while in calves the lymphocytes may number 80 per cent 
or even more With lymphocytomatosis in fully grown cattle the 
lymphocytes may reach 96 per cent, neutrophil cells may fall to 2 
per cent and eosinophil cells may completely disappear from the 
blood. 

It has not been foimd possible to transfer the disease from a sick 
to a healthy animal In ammals which Knuth and Volkmann injected 
with blood, milk, urine and emulsion prepared from the lymph nodes 
and kidneys of ammals with lymphocytomatosis, du Toit found a 
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polynuclear leucocytosis but no blood changes bke those of the 
original disease 

Lytnpho-sarcoma is evidently not unusual in cattle for Magnusson 
(1916) collected from the literature of the subject 21 instances and 
described 5 of his own, m aU of which the lesion implicated the heart 
In some cases the tumor had its origin in the lymph nodes at the base 
of the heart and m others the primary tumor was m the abdomen 
Widespread metastasis was not uncommon 
Leuccmta and related diseases tn mice Diseases characterized by 
hyperplasia of lymphoid tissue are as varied in mice as m man Lym- 
phomata having their origm m the lymph nodes are not associated 
with tumor-hke lymphoid infiltration of the internal organs In some 
instances these lesions are accompamed by changes in the blood re- 
sembling those of lymphatic leuccima and in some there is no rec- 
ognizable lymphocytosis Furthermore, lymphomata having the 
characters of sarcomata are recognizable but they do not form a 
weU-defined group It is possible that all such lesions are varied 
manifestations of the same process 
Numerous unsuccessful eSorts (Tyzzer, 1907, Haaland, 1911) have 
been made to transfer leucemic and aleucemic lymphomata from 
one mouse to another 

Haaland has noted the leucemia of mice m mother and daughter 
The occurrence of several instances of lymphomata (Haaland) or of 
kucenua (Fajersztajn and Kuczynski, 1892) m the same cage of mice 
IS perhaps eiqilamed by hereditary transmission 
Lymphomata m mice wath caranoma or adenoma have been seen 
by Haaland and by Simonds, and lymphomata have been found bj 
sev eral observers in strains of mice in which carcinoma u ere numerous 
A disease in mice with some resemblance to Hodgkin’s disease has 
been described by Jobling fl910) by Simonds (1925), and perhaps 
by I yzzer (19091 

jMyelogenous leucemia occurs in mice and is accompanied by in- 
filtration of the organs wath cells resembling bone-marrow cells 
(Tyzzer, 1909, Simonds, 1925) 

A sharply circumscribed tumor mass composed of large lyanphoid 
cells was found by lyzzer (1907) m the inguinal region of a white 
mouse Inoculation of Oils tumor, designated lympho-sarcoma, into 
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seventeen mice was unsuccessful A second tumor of similar character 
formed a large mass in the mediastinum and was accompanied by 
smaller nodules m the pericardium and limgs 
In a second publication Tyzzer (1909) has described 10 lymphoid 
tumors Masses with the appearance of primary growths occurred 
in the ingumal region, th 3 nnus or mesentery, but in three instances 
the site or origm was not evident because the tumor had been dis- 
seminated throughout the mesenteric l 3 nnph nodes and other organs 
With most of these tumors there was widespread lymphoid infiltra- 
tion of the spleen, liver, kidney, pancreas, etc In one tumor there 
was great variation m the size of cells, the smallest being equal to 
lymphocytes, the largest being multinucleated and as large as bone- 
marrow giant cells In one instance, regarded as lymphatic leucemia, 
sections of the organs showed that the blood vessels contained in large 
number lymphoid cells identical with those of the tumor, the mesen- 
teric lymph nodes were enlarged and there was l 3 nn.phoid mfiltration of 
the liver Three tumors which Tyzzer does not classify had charac- 
ters which according to Simonds (1925) suggest myelogenous leucemia, 
myelocytes having been present in the blood 
Pseudo-leucemia (aleucemic lymphoma) was seen m five mice by 
Haaland (1905) The animal first affected was placed m a cage with 
other mice, four of which developed the same disease, whereas mice 
in other cages did not Numerous particles of the tumors were 
unsuccessfully inoculated mto other mice 
Later Haaland (1911) found in female mice 21 tumors consisting of 
lymphoid tissue From each of two more or less localized lymphomata 
approximately 40 inoculations were made with negative result Over 
100 mice were inoculated from widely distributed l)miphomata in 
another mouse but no new growths were formed In an instance of 
Ijrmphatic leucemia with a blood count of 109,500 Haaland made 
transplants from spleen, thymus and l 3 miph nodes intravenously and 
mtraperitoneally mto more than 100 mice but failed to reproduce the 
disease Leucenua occurred in a second mouse, the daughter of that 
from which the last-mentioned transplants were made, and the 
maximum blood count was 655,000 L 3 nmphoid tumors from this 
animal were inoculated into 112 mice with entirely negative result 
Lyunphomata with characters of pseudo-leucemia, (aleucemic 
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lymphoma) and of lympho-sarcomata occur m mice even more 
frequently than leuceima Lymphomata m 15,000 autopsies per- 
formed on white mice which were used by Maud Slye m the study of 
the heredity of tumors were carefully studied by Simonds (1925) 
Among 316 animals with conspicuous enlargement of the lymph nodes 
he found 67 with leucemia, 111 with pseudo-leucemia, 5 1 with lympho- 
sarcoma, and 4 with a condition resembling Hodgkm’s disease 
Gymphogranulomatosis) Each one of these diseases is described by 
Simonds 

Leucemia in mice is characterized by readily definable changes 
(a) There is a great mcrease m the number of white cells as is shown 
by exammation of the contents of blood vessels in sections of various 
tissues prepared for microscopic exammation (6) There is enlarge- 
ment of the spleen and of widely separated groups of lymph nodes 
The normal histologic architecture of these organs is obhterated by 
excess of white cells and there is mvasion of the capsule of the lymph 
nodes (e) Leucemic mfiltration of various organs occurs and is 
especially conspicuous m liver, lungs and kidneys, often ivith enlarge- 
ment In lymphatic leucemia the lymphocytes of the blood, which 
are relatively and absolutely increased m number, are m most instances 
larger than normal lymphocytes Leucemic infiltrations of organs, 
for the most part peril ascular, are usually composed of cells similar 
to those predominant in the blood 

In myelogenous leucemia there has been observed an enormous 
mcrease of nucleated cells of the blood, in great part young poly- 
morphonuclear leucocytes with nng-shaped nuclei, myelocytes are 
numerous Similar cells have been found in lymph nodes, spleen 
and other organs Megakaryocytes have been present but m no 
greater number than in lymphatic leucemia The spleen has been 
someuhat larger in myelogenous (the average being 15 times the 
normal) than in lymphatic leucemia (12 times the normal) but there 
has not been the great difference found in the two types in human 
beings 

In five mice there were lesions which had the characters of 
Sternberg’s leuco-sarcoma and were intermediate m character between 
Ijmpho-sarcoma and leucemia As in lympho-sarcoma there was a 
tumor mass arising in the mesenteric lymph nodes, thymus or other 
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organs and invading the surrounding structures The white cells 
of the blood vdthin the vessels of all the organs were notably increased 
Pseudo-leucemia in mice resembles leucemia in its gross and micro- 
scopic characters but is not accompanied by an increase of the white 
cells of the blood The cells which are predommant in the enlarged 
lymph nodes and spleen and form perivascular infiltrations of the 
limgs, liver, kidneys and other organs have usually been somewhat 
larger than lymphocytes The spleen is enlarged to the size seen in 
lymphatic leucemia and cells resembling megakaryocytes are found 
in about the same number as in this disease On the one hand, there 
are apparently transitions between pseudo-leucemia and leucemia with 
an increase of lymphocytes in the blood insufficient to establish the 
diagnosis of leucemia On the other hand, there are transitions 
between pseudo-leucemia and l 3 rmpho-sarcoma in which the tumor- 
like growth in at least one set of nodes is actively invasive 
Lesions designated lympho-sarcoma have begim in one lymph node 
or at least in one group of lymph nodes and have invaded adjacent 
structures The primary tumor was mtrathoracic in 32 mice, intra- 
abdominal in 8, subcutaneous in 9 and “too generalized to determine 
the original site” m 2 The spleen has not usually been enlarged but 
in a few of these animals it contained sharply differentiated masses of 
proliferating cells similar to those of the primary tumor Mitotic 
figures are numerous but apparently not more numerous than in leu- 
cemia and pseudo-leucemia Wffien organs such as the lung, liver and 
kidney have been infiltrated with lymphoid cells, the infiltration is in 
apparent continuity with the primary growth, but in most instances 
these organs have not been implicated The uncertainty of diagnosis 
of l 5 unpho-sarcoma is indicated by the number of instances in which 
there has been a difference of opimon among those concerned with the 
study oi these tissues Of 51 mstances included m the group of 
lympho-sarcoma, in 16 the character of the lesion was doubtful 
Simonds (1925) has discussed at length the relation of leucemic 
and aleucemic lymphoma to lymphoid h 3 ^erplasia m mice Hyper- 
plasia follows acute and chrome infections but conspicuous hyperplasia 
unassociated with evident infection is even more common The 
criteria by which this hjpeplasia is separated from leucenuc and 
aleucemic lymphoma are not wholly satisfactory and it is not im- 
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probable that some mstanccs of apparently simple hyperplasia belong 
to the lymphomata With lymphoid hyperplasia, Simonds says, 
the lymph nodes do not reach the massive size seen in leucemia and 
pseudo-leucemia There is slight if any mvasion of the capsule and 
surrounding tissues, lymphocytes are more nearly normal in size 
and appearance, periportal mfiltrations are less extensive and infil- 
tration of hepatic sinusoids is absent though there may be some 
accumulation of lymphocytes within the sinusoids Perivascular 
infiltration of lungs and kidneys is infrequent and moderate m lym- 
phoid hyperplasia, whereas in leucemia and pseudo-leucemia there 
IS advanced and fairly uniform infiltration of these organs 
Lesions regarded as closely related to lymphogranulomatosis 
(Hodgkin’s disease) were found in 4 mice from the 15,000 autopsies 
and are described by Simonds, the disease affected in one instance 
the retroperitoneal lymph nodes, in a second the cervical and inguinal 
nodes, in a third the inguinal and mesenteric, and in the fourth the 
mesenteric nodes alone The normal lymphoid structure was obliter- 
ated by irregularly disposed accumulations of large cells, some of which 
resembled fibroblasts, and some had round, indented or multiple 
nuclei The spleen was enlarged m one instance to 16 times the 
normal size and showed histological changes similar to those in the 
lymph nodes In 3 of these mice there was penportal infiltration 
wnth lymphocytes and large cells resembling those in the lymph nodes 
and spleen In the first animal cited a mass at the hilum of the 
kidney had the same structure as the altered retroperitoneal lymph 
nodes 

Lnicama and related diseases m other mammalian species A disease 
regarded as similar to chronic lymphatic leucemia w'as observed 
by Massagha (1923) m a monkey (Cynocephalus sphinx) The 
lymph nodes, especially the inguinal nodes, were much enlarged and 
the spleen was palpable The count of xvhite corpuscles was only 
36,000, 65 per cent of which were l3Tnphocytes and 17 per cent large 
mononuclear or transitional forms Since no autopsy is described 
the diagnosis remains doubtful 

Cases of leucemia in the horse are cited b> Bollinger (1874) Nocard 
(1880, 1882) and others, but I have found no instances m which the 
nature of the disease has been established 
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Lympho-sarcoma of the horse, at times generahzed and similar to 
that which occurs in cattle, is evidently not uncommon forMagnusson 
(1916) has collected 3 instances from the hterature of the subject and 
has added two of his own, in aU of which the heart was implicated 
Leucemia in the pig is described by Leisering (1865) who found 
changes in the spleen, hver, lymph nodes and blood More detailed 
information concerning this case, regarded by Bolhnger as splenic 
and lymphatic leucemia, is wanting Furstenberg (1870) found what 
he called splenic-lymphatic and myelogenous leucemia, there was 
enlargement of lymph nodes, spleen and hver, hyperplasia of bone 
marrow and an enormous mcrease of white blood corpuscles, the ratio 
to red corpuscles bemg as 1 to 2 Bolhnger described an instance of 
splenic leucenua m the pig, there was enlargement and leucemic 
infiltration of spleen and kidney and infiltration of the liver and lungs 
Tlie ratio of white to red corpuscles after death was as 1 to 5 Avail- 
able information concermng leucemia in the pig is unsatisfactory 
Two instances of “lymphomatosis” in pigs described by Morlot 
and Vitu (1923) were found among 40,000 pigs slaughtered during one 
year Inguinal, crural, lumbar renal and hepatic lymph nodes were 
much enlarged and tumor-like nodules, formed by lymphocytes some- 
what larger than the usual, occurred in hver and kidney 
Fox (1923) found in an oppossum a massive lymphoma composed 
of larger lymphocytes, there was widespread infiltration at the margin 
of the tumor and there were similar cells m distant organs The blood 
examined m sections of the organs, contained nucleated cells in excess 
A tentative diagnosis of lymphatic leucemia was made 
Leucemia in rabbits has apparently not been seen Lympho- 
sarcoma IS described by Dessy and Aberastury (1903) and by Wallner 
(1921) 

In guinea pigs Miguez (1918) studied a tumor of the neck with 
the characters of lympho-sarcoma, there was lymphoid mfiltration of 
the hver and kidneys By subcutaneous inoculation the tumor was 
transferred to other guinea pigs through nine generations 
Conchisiojis The foregoing survey shows that much of the litera- 
ture concerning leucemia and related diseases in mammals is untrust- 
worthy. Nevertheless, it is evident that leucemias conforming with 
the types found in man occur m many, if not m all, domestic animals, 
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and in small animals available for experimental studies Aleucemic 
lymphomatosis apparently occurs much more frbquently Oppor- 
tunity for the experimental study of leucemias resembling those of 
man is not lacking, but experiments have been as yet unfruitful 

INFECTIOUS “lYMPHO-SARCOMA” OF DOGS 

The disease usually designated infectious lympho-sarcoma of dogs 
IS anomalous both as an infection and as a tumor though it has the 
characters of both It is transmitted as a venereal disease and begins 
in the male as a nodular infiltration of the corona of the peius or in 
the female as nodular and papillary growth of the vagmal mucosa 
Catarrhal inflammation usually precedes the appearance of the tumor, 
but may be absent Tumor-hke nodules arc formed, in some in- 
stances, in the cutaneous, pelvic and abdominal lymph nodes Isolated 
growths may occur in the skin of the groin, abdomen, back, neck and 
legs and occasionally in the internal organs These growths are 
usually circumscribed and encapsulated and free from evidence of 
inflammation, but ivith longstanding disease there may be diffuse 
mfiltration of the skin or mucous membrane ivith superfiaal ulceration 
Spontaneous regression with atrophy and fibrosis of the tumor may 
occur The tumors are grayish wlute and yield a mucinlike fluid 
on pressure The cells composing them are large, round or polygonal 
with a single nucleus, and occur in cords supported by thin strands 
of fibrous tissue Mitotic figures arc often seen 

The disease has been described in countries far apart, namely in 
Russia, United States, France, Germany and England Sticker, 
Woglom (1913) says, obtained speamens of the tumors studied by sev- 
eral indely separated observers and submitted them to a number 
of German pathologists All regarded the tumor as a round-cell 
sarcoma, the usual histological changes of inflammation being absent 
According to Beebe and Ewing (1906) the tumor resembles a large-cell 
lympho-sarcoma but appears to be much less mahgnant than the cor- 
responding tumor of man The type of ccU which gives rise to it is 
uncertain 

Nowinsky (1876) has described the transfer of a tumor designated 
Caremoma niedullarc nans from one dog to a second dog by implan- 
tation and again from the latter to a third animal It is possible 
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that the growth was identical with the transmissible lympho-sarcoma 
of dogs, for Wehr (1888) has described as carcinoma of the vagina and 
Geissler (1895) as carcinoma of the prepuce, tumors which they 
succeeded in transferring by implantation into other dogs Sticker 
(1904) later had the opportunity of examining both the spontaneous 
tumor and the transplanted tumors of Geissler and found that they 
had the same structure as the transimssible l3rmpho -sarcomata which 
he had studied 

Smith and Washbourn (1897) observed the occurrence of the 
disease in 11 of 12 females served by a dog suffering from a growth 
upon the penis Three of them were subsequently served by a second 
dog which later developed a growth upon the penis Retrogression 
of the tumor did not occur in any of the animals described by Simth 
and Washbourn Growth was slow at first but later more rapid and 
after a year or eighteen months the vagina was filled by a mass as 
large as an orange No autopsies were made upon animals which 
died as the result of the disease 

After subcutaneous implantation Sticker (1904, 1906) observed 
the appearance of a nodule within from two to six weeks The 
rapidity of growth varied much, after several months the mass often 
attained the size of a hen’s egg After mtraperitoneal inoculation a 
single growth attached to the omentum appeared or multiple dissenai- 
nated nodules occurred In some instances secondary tumors were 
formed in the regional lymph nodes and occasionally multiple nodules 
were seen in the lungs, hver, spleen and elsewhere Attempts to 
reproduce the tumor by intravenous injection were unsuccessful 

In 45 subcutaneous implantations there was progressive mcrease 
in the size of the tumor, but in 18 instances, after a period of growth 
lasting from thirty-one to one hundred seven days, the tumor di- 
minished and with a few exceptions disappeared completely In one 
instance a tumor which had increased to the size of a hen’s egg during 
one hundred seven days disappeared within fourteen days With 
mtraperitoneal implantation, regression occasionally occurred but was 
less frequent than after subcutaneous injection 

Duplay and Cazm (1894) inoculated infectious lympho-sarcoma of 
dog by bringing tumor material into contact with the scarified prepuce 
Smith and Washbourn (1898a) by sirmlar procedure inoculated the 


vagina 
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Sticker (1906) transferred the disease to two foxes out of three 
inoculated, but failed in the inoculation of cats, guinea pigs, rabbits, 
rats and mice 

Intact cells are apparently essential to successful transmission, for 
Sticker found that extracts are harmless after complete comminution 
of the cells by rubbing m a mortar with sand or after filtration through 
paper or earthenware Centrifugalization removed from a suspension 
matenal capable of reproducing the tumor Exposure to cold at 
— 11°C for twenty-four hours faded to destroy transmissible material, 
but in expenments in which tumor was preserved at — 11°C for long 
periods, new growth faded to occur as the result of implantation 
Exposure to a temperature of S0°C for two hours did not destroy via- 
bilitv It IS noten orthy that a tumor was produced by cells preserved 
in glycerine with the addition of some normal salt solution for one 
hundred thirteen days It is questionable whether cells remain ahve 
under such conditions 

Attempts to find microorganisms associated with the tumor have 
faded Extracts of tumor tissue passed through a Berkefeld filter 
are no longer infectious 

The transmissible new grouth of dogs, according to Bashford, 
Murray and Cramer (1905) does not have the characters of a true 
neoplasm They observed that mth natural infection connective- 
tissue cells adjacent to the tumor mcreased in size and underwent 
changes which converted them into tumor cells Nevertheless the 
increase in size of the tumor mass was mamly due to division of 
cells uhich had the distinctive characters of the tumor cells IVhen 
tumor grafts were mtroduced a new tumor was formed by the tr.Tns- 
formation of connective-tissue cells of the host mto cells indistinguish- 
able from those of the tumor The authors regard the tumor as 
connective-tissue reaction caused by an unknown virus 
Wade (1907) who came to the same conclusion, found that the 
tumor following inoculation uas formed m part by implanted cells 
and in part by transformed cells of the host Lymphocytes of the 
blood increased mth increase m size of the tumor Wade designated 
the tumor infective sarcoma and believed it to be in the borderland 
betu ecn infectious granuloma and true neoplasm 
Investigations uere undertaken by Beebe and Einng (1906) to 
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determine vrlietlier the new growth is formed by prohferation of the 
transplanted cells or by stimulation of the surrounding tissue cells 
It was assumed that a neoplasm will develop by multiphcation of en- 
grafted cells whereas in an infectious disease cells which have been 
introduced into the tissues will undergo necrosis while the surrounding 
cells of the host will proliferate imder the influence of the infecting 
virus. They introduced small pieces of tumor into the subcutaneous 
tissue of dogs and removed them at intervals of from one to twenty-one 
days after inoculation The central part of the tumor had undergone 
necrosis, but some cells had persisted and multiplied by mitosis 
Areas in which fibroblasts and tumor cells were mingled, were inter- 
preted by Bashford, Murray and Cramer (1905) as evidence of the 
formation of tumor cells from fibroblasts, but Beebe and Ewing main- 
tained that the implanted tumor cells could be recognized throughout 
the early stages of growth and readily distinguished from the fibro- 
blasts of the host. 

The observations of Beebe and Ewing upon the fate of transplants 
have been confirmed by Hunter, Laws and Loeb (1910) Cells at the 
periphery of the transplanted mass survive, undergo rmtotic division 
and form the new tumor At the end of the first week infiltration of 
tumor cells into the surroundmg tissue of the host begms The cells 
of the host do not take part in the formation of the growth 

Animals in which infectious l 3 mpho-sarcoma has undergone retro- 
gression cannot be remoculated with the tumor Sticker (1906) 
describes 13 unsuccessful attempts to remoculate dogs from one to 
one hundred six days after the beginmng of retrogression In one 
experiment inoculation failed eight days before retrogression began, 
but in another experiment, in which moculation was made eighteen 
days before the beginning of retrogression, transplantation succeeded 
The author reaches the conclusion that there is a general immunity , 
which binders the growth of the sarcoma cells Srmth and Washboum 
(1898b) have described four experiments m which inoculation was 
unsuccessful after retrogression of the tumor 

Injection of blood serum from dogs in which Ijmpho-sarcoma had 
xmdergone retrogression mto dogs with implanted tumors was followed 
by diminution of the tumor m two experiments of Sticker (1906) 
Cnle and Beebe (1908) implanted the transmissible growth mto dogs 
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After recognizable tumors had made their appearance the animals 
were transfused from one to four times •with blood m considerable 
quantity (425 to 1500 cc ) derived from ammals which were naturally 
immune or had spontaneously recovered from the tumor Of the 10 
ammals treated by transfusion, 7 were completely cured, in 2 
there was some retrogression of the tumor, and 1 died uith no 
evidence of retrogression The authors conclude that although 
the immunity is not analogous to bacterial immunity, passive immu- 
nity may be produced by transfusion of blood from resistant animals 
After estabhshment of tumor growth, reinoculation was at first 
no longer possible according to Sticker (1907a) As the tumor 
increased m size there came a time when inoculation m any part of the 
body was agam successful Sticker beheved that in the first phase 
no metastasis was possible, whereas m the second metastases were 
readily formed He defined a premetastatic and a metastatic stage 
Bergell and Sticker (1907) observed the disappearance of these 
tumors after the injection of hepatic enzymes into them Beebe 
and Tracy (1907) thought that certain bacterial tmans destroyed 
the tumor Temporary retrogression of lympho-sarcoma of dogs 
foUowmg subcutaneous admmistration of atoxyl is desenbed by 
Sticker (1908) He claims to have obtained the same result when 
he injected blood and organ extracts of other species mto the tumor 
Itself and to have caused complete disappearance of the tumor in two 
instances by the combined mjection of atoxyl and foreign protem 
Conclusions The transmissible tumor of dogs has histological 
characters which are similar to those of lympho-sarcoma but the origm 
of the cells which form the tumor is uncertain, and it has not been 
shown that they are lymphocytes or are derived from lymphocytes 
Such growths have httle resemblance to tissue newly formed as the 
result of mflammation Their transmission from one animal to 
another is like transmission of a contagious disease, but no micro- 
organism has been found m constant assoaation with them Resist- 
ance which appears in animals with the tumor has some resemblance 
to that caused by bacterial infection Many experiments furnish 
evidence that transmission from one anmial to another is successful 
only when intact tumor cells arc transferred to the new host, but the 
growth has been reproduced wath material preserved in glyccrme 
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One group of observers maintain that transplanted tumor cells 
undergo necrosis, and that the new tumor is derived from cells of the 
host Another group hold the opinion that the tumor is formed by 
multiplication of transplanted tumor cells The nature of the so- 
called infectious lympho-sarcoma of dogs is as yet undetermined. 

LEUCEMIA OP POWLS 

Diseases with close resemblance to those affecting the blood-forming 
tissues of man are frequently observed in fowls Unlike the leucemias 
of man they may be transmitted by inoculation from one bird to 
another of the same species Furthermore, like the well-known 
sarcoma of fowls (Rous, 1908) the leucemia of fowls is, it is asserted, 
transmissible by a filterable virus and in this respect differs from 
similar disease of mammals 

L 3 niiphomata appearing in the liver of fowls and composed of cells 
which resembled the large lymphocytes of the blood were first de- 
scribed by Butterfield (1905) In the same paper he cited five in- 
stances of lymphomata with leucemia seen by Mohler In the latter, 
new formation of l 3 anphoid tissue had occurred in the hver and spleen 
and occasionally in the lungs, intestine, kidney or heart In the 
blood vessels examined in sections of the organs, cells resemblmg 
lymphocytes were present m abnormal number. 

Warthin (1907) has studied a similar condition during life and 
after death and findmg a conspicuous increase of large lymphocytes 
in the blood has designated the disease “lymphatic leucemia of the 
large-cell t)rpe ” He has described two instances of aleucemic lym- 
phomata of fowls Leucemia of fowls has been described by Ron 
(1907) and by Soshestrenski (1908) 

Lymphomata are evidently the commonest tumors of fowls and 
have occurred 7 tunes among 9 tumors collected by Tyzzer and 
Ordway (1909) Nodular and diffuse growths were seen m liver, 
spleen, kidneys and other organs In one mstance the tumor was said 
to have been assoaated with lymphatic leucemia Of 19 tumors of 
the domestic fowl collected by Feldman (1926) 9 were “lymphocy- 
tomas” with leucemia and 2 were lympho -sarcomata 

EUermann and Bang (1908) have described two instances of leu- 
cemia m fowls resembling very closely those described by preceding 
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writers In the blood they found the mononuclear cells much 
increased, but since the cytoplasm frequently contained granules they 
regarded them as myelocytes They succeeded m transrmtting the 
disease to healthy fowls Etpenmental leucemia was passed from one 
animal to another in three generations and the changes in the blood 
and in the internal organs were identical with those of thespontaneous 
disease In a later series of experiments by EUermann and Bang 
(1909) the disease was passed through 6 generations Prom a bird 
with aleucemic lymphoma they produced leucemia and reached the 
conclusion that the two conditions have the same cause In one in- 
stance lymphomata of the peritoneum occurring as scattered nodules 
had characters of lympho-sarcoma By inoculating fowls With this 
material they produced atypical leucemia m two successive genera- 
tions 

Hirschfeld and Jacoby (1909 a, b) succeeded in transnutting the 
leucemic disease of EUermann and Bang through five generations and 
obtained leucemic and aleucemic lymphomata 

Leucemia of fowls can be reproduced, according to EUermahn and 
Bang (1909), by a filtrate obtained by passing organ extracts through 
a Berkefeld filter In their first senes of experiments they were suc- 
cessful in 2 out of 5 animals which they injected, and later w ere repeat- 
edly successful with filtrates The disease may be reproduced by 
material filtered through Berkefeld filters (No 11 and No 12) or 
through Reicherts china filters 

A second strain of transmissible leucemia was obtained by 
Schmeisser (1915) from a bird with what was believed to be mye- 
logenous leucemia The proportion of white and red corpuscles was 
1 to 1 3 (the normal vaiying betiveen 1 to SO and 1 to 150) , large 
mononuclear cells were 30 per cent of the total count (normal 19 per 
cent) and mononuclear myelocytes with eosinophil granules were 52 
per cent (normal, none) Diffuse, circumscribed, or at times nodular 
infiltration with mj tloid cells occurred in the bone marrow, often with 
enlargement of the liver, spleen and kidney With suspensions pre- 
pared from the hver and spleen injected into tlie veins or peritoneal 
cavity, leucemia with characters similar to those just described was 
produced in 13 of 40 chickens It made its appearance after five or 
SIX weeks and was recognized by anemia, jaundice and characteristic 
changesin theblood DeathfoIIowedwnthmoncortwoweeks 
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EUeimann (1921a) states that young fowls are most suitable for 
inoculation Greatest success has followed intravenous inoculation, 
injection being made into the vein of the wing just below the elbow 
joint An emulsion of organs from leucemic animals is prepared m 
0 9 per cent sodium chloride solution and 1 cm is mjected Working 
with three strains designated A, B and C, Ellermann and Bang found 
that 41 per cent of the inoculated animals became leucemic, Ellermann 
using a strain designated E, was successful in 22 per cent of his inocu- 
lations, using strains F, G and H m 26 per cent Hirschfeld and 
Jacoby (1909 a, b) had 45 per cent of their inoculations successful and 
Schmeisser 33 per cent 

Ellermann (1921 a, d) has observed with his strams that the dura- 
tion of the disease is shortened by repeated transfer from one animal 
to another but that the number of animals affected is not increased 
The average duration of life after the first inoculation has been about 
five months, in the second generation four months, and, constantly 
decreasing, m the sixth generation only one month Similar results 
have been obtained with two other strains 

In his monograph EUermann (1921b) describes the diseases of the 
hematopoietic system which occur spontaneously m fowls and are 
reproduced by inoculation Leucemia may be present or absent 
When lymphoid tissue is affected he designates the condition Ijrmphatic 
leucosis When the granular leucocytes and their precursors are 
chiefly affected he designates the disease myeloic leucosis In birds 
he believes that precursors of the erythroc 3 rtes, at a stage preceding 
the formation of hemoglobin, may enter the circulatmg blood in great 
number and produce a condition resembling leucemia He gives it the 
name erythro-leucosis. He describes in detail all of these disturb- 
ances and discusses the relation of one to the other 

Lymphatic leucosis which Ellermann (1921b, 1922) produced in 
fowls by inoculation is unaccompanied by leucemic changes m the 
blood Anemia usually makes its appearance before death Lym- 
phoid infiltration, often evident as grayish white spots, occurs in the 
liver, spleen, kidneys, bone marrow and occasionally in the th 3 mius, 
intestine and peritoneum The newly formed lymphatic tissue is 
composed of large and medium-sized cells with the characters of the 
lymphoblasts found in the germinal centers of lymph nodes, mitotic 
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division IS often seen Hyperplasia of lymphatic tissue may form 
tumor-liLe masses in certam organs espeaally in the liver or spleen 
Occasionally the new growth is so definitely localized that the term 
leucosarcomatosis has been regarded as applicable by Ellermann 

Disease characterized by hyperplasia of tissues concerned in the 
formation of granular leucocytes and designated by Ellermann (1920, 
1921b) myeloic leucosis may occur with or without leucerma In the 
leucemic variety the leucocytes may number from 200,000 to 600,000 
Myelocytes with large granules are numerous but much more abundant 
are large cells with no granules and with palely-stained nuclei ex- 
hibiting every transition from the spherical to the lobed form of the 
polynuclear leucocyte Ellermann believes that these cells, though 
usually called myeloblasts, are not normal prephases of myelocytes, 
but that under the influence of the virus of fowl leucemia they simulate 
the development of polynuclear leucocytes without forming any of 
their characteristic granules The animal usually dies eight or ten 
days after the appearance of leucemia, at autopsy the liver is often 
twice Its normal size and the spleen is enlarged from tw o to four times 
In the liver there is massive infiltration, chiefly with myelocytes, 
having Its ongm in the periportal connective tissue, non-granular 
cells are less numerous Similar infiltration occurs between the 
tubules of the kidney but is rarely seen m the spleen Hyperplastic 
changes in the bone marrow are not conspicuous In the blood vessels 
of the internal organs are found cells similar to those of the peripheral 
circulation 

In one instance of leucemic myelosis tumor-like nodules composed 
in great part of myelocytes were situated within the periosteum of the 
pelvis The lesion suggested the chloroma of man 

In some cases of myeloic leucosis non-granular cells wuth lobed 
nudei resembling those of the polynuclear leucocytes are predominant 
in the blood, in the bone marrow and in cellular infiltrations of the 
liver and spleen Ellermann names them poiLilonuclear cells and 
regards them as pathological polynuclear leucocytes Transitions are 
encountered from these to cells with mcompletely lobed nuclei with a 
few rod-shaped granules, and finally to typical polynuclear cells with 
abundant granules 

Another type of cell designated lymphoidocj te is occasionally seen 
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in the blood in the myeloic type of leucosis and has been constantly 
found by EUermann (1921 b, c) in the peculiar type of avian leucemia 
called by him “mtravascular lymphoid leucosis ” These lymphoido- 
cy tes are large non-granular cells with large round nuclei and a narrow 
zone of basophil cytoplasm EUermann beheves they are prephases 
of erythrocytes for the foUowing reasons every transition from 
lymphoidocytes to erythrocytes is found, lymphoidocytes occur where 
erythrocytes are in process of formation, unlike myelocytes and 
lymphoblasts they form no extra vascular infiltrations, and unlike these 
cells but like erythrocytes occasionaUy have two nuclei 

EUermann means by “intravascular lymphoid leucosis” a condition 
characterized by anemia and by the presence of lymphoidocytes in 
the blood In the peripheral circulation lymphoidocytes may form 
70 per cent of the leucocytes They accumulate in great number 
in tlie capiUaries of the Uver and spleen which are much enlarged 
There is simUar accumulation of ceUs in the sinuses of the bone 
marrow and atrophy of the trabecula. There is no extravascular 
infiltration of internal organs by these ceUs EUermann beheves that 
the disease has attacked the erythrocytic system causing anemia by 
destruction of er)’^throcytes and regenerative changes with formation 
of prephases of erythrocytes m great number 

Myeloic leucosis, lymphatic leucosis and intravascular lymphoid 
leucosis, which is designated erythroleucosis, are produced by the 
same virus and, EUermann (1921b, 1923) states, may aU appear in a 
senes of animals inoculated with one stram of the virus The fre- 
quency of the three forms has been as foUows- erythroleucosis, 69 per 
cent, myeloic leucosis, 18 per cent, and lymphatic leucosis, 13 per cent 
Furthermore, the inoculated animals occasionaUy exhibit pure anemia 
with no leucocytosis Though the lymphatic leucocytic or erythro- 
cjdic group of ceUs may be chiefly affected all may be implicated in 
some degree so that mixed forms occur In the three forms of leucosis 
there is a greater tendency to produce undifferentiated cells than in 
human leucerma 

It is notewortliy that leucocytosis caused by bacterial infection may 
be much more intense in birds than in mammals V A Moore (1896) 
has described what he designates infectious leucemia in fowls caused 
b)’’ botli spontaneous and experimental infection with a microorganism 
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named by him Bacterium sanguinarium The leucoc> tes are increased 
to 100,000 or 200,000, the predominant type being the polymorpho- 
nuclear leucocyte uith spindle-shaped granules, and no changes m 
blood or mternal organs resembhng those of leucemia are observed 
The view that the disease of fowls which resembles human leucemia 
IS a slowly progressive avian tuberculosis has been supported by 
Burckhardt (1912) It is worth remarking that his espenments 
were made with material from an animal moculated by Jacoby inth 
a strain of leucemia obtained from Ellermann, and that Jacoby later 
found that his stock was heavily infected with avian tuberculosis 
Burckhardt states that all of the animals which he inoculated had the 
usual form of avian tuberculosis and he admits that he reproduced 
in no instance the typical changes of fowl leucemia described by 
Ellermann and Bang Nevertheless, it is evident that after inocula- 
tion with pure cultures of the avian tubercle baallus, there is an 
increase of white cells to between 100,000 and 200,000 and occasionally 
to 350,000 The polynuclear cells with spindle-shaped granules are 
diiefly affected and young forms of granular leucocytes including 
myelocytes may appear in the arculating blood, but cells of lymphoid 
type are deaeased in number In the so-called leucemia of fowls, on 
the contrary, Burckhardt says, cells of the lymphoid type which are 
in large part prestages of leucocytes or of erythroblasts are more 
abundant and anemia is more conspicuous There is, he notes, no 
resemblance between the lesions of avian tuberculosis and the lesions 
of the internal organs observed in association with leucemia He has 
evidently had no opportunity to make an exact comparison between 
the two conditions which he has discussed and his opmion that a\nan 
leucemia is a slowly progressive tuberculosis is not supported by any 
convinang observations 

No evidence of the identity of leucemia of fowl and avian tuberculo- 
sis has been found by Hirschfeld and Jacoby (1912) In tuberculosis 
there is hypcrleucocytosis which may reach a very high grade but 
which has no close resemblance to the blood changes of leucemia, the 
lesions of internal organs are not similar Tuberculosis follows 
subcutaneous injection but leucemia does not Tliej exposed material 
from the organs of fowls with both tuberculosis and leucerma to a 
temperature of 10°C below zero, and on inoculation reproduced 
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tuberculosis unaccompanied by leucemia Ellermann (1921b) says 
that he has succeeded in separating the virus of leucemia from the 
tubercle bacillus by filtering through a Berkefeld filter material 
from a fowl with both diseases and has demonstrated the purity of 
the leucemia virus by inoculation mto fowls 
In a brief report before the Naturforschende Gesellschaft in Freiberg 
Schridde (1909) questions the infectious nature of leucemia in 
fowls He says that the injection of extracts prepared from the 
normal organs of birds produces changes similar to the condition 
described by Ellermann and Bang, which, he mamtains, is not leu- 
cemia A description of the experiments was to appear, accordmg to 
Schridde, in Ziegler’s Beitrage, but I have not succeeded m finding 
any article on the subject by the author Ellermann and Bang never 
observed leucemic changes following the inj'ection of emulsions pre- 
pared from organs unless the animals from which they were obtained 
had been leucemic 

Changes in the blood resembling those of acute leucemia have been 
seen by Kasarmoii (1910) in a fowl poisoned by a mixture of ricin and 
saponin. There was intense leucocytosis, m large part referable to 
the presence of a great many mononuclear non-granular cells regarded 
as myeloblasts, polynuclear leucocytes with spindle-shaped granules 
were increased in number 

Concliismis Those who claim that changes m the blood and 
in the internal organs comparable to those of leucemia in fowls can 
be produced by bactena and other irritants have not sustained their 
contention by adequate evidence Nevertheless, it may be noted that 
multiphcation of blood cells and their precursors may be stimulated 
more readily m birds than m mammals 

Diseases occur in fowls which resemble closely human leucemias 
The changes in the blood and in internal organs are similar, though 
not identical, differences being explamable by the wide differences 
between the two types of animal It is doubtful whether a disease 
closely resembling lymphatic leucemia of man occurs in the fowl but 
aleucemic lymphomata are not uncommon Transitions from 
Ijunphomatosis to a disease with much resemblance to myelogenous 
leucemia on the one hand, and to anemia with hyperplasia of the 
precursors of erythrocytes on the other, are more conspicuous than 



STUDY OF THE UEDCEJXIAS AKD EYMPHOHATA 


59 


in man Ihe recorded evidence indicates that these various changes 
afiecting the blood and blood-forming organs are transmitted by a 
single \arus which is ultranucroscopic and hiterable by the methods 
usually employed In this respect they differ from mammahan 
leucemias which have not been transmitted from one animal to 
another and appear to resemble certain malignant tumors of fowls 
(sarcoma of Rous) 
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A REVIEW OF THE TREATMENT OF THE LYMPHATIC 
LEUKEMIAS AND RELATED DISEASES ESPECIALLY 
BY IRRADIATION 

DAVID L DARLEY 

From the Ilettry Phipps Imhtute, University of Pennsylvania, Philadelphia, 
Pennsylvania 

It IS my purpose, tlu-ough a review of the literature, to evaluate 
present methods of treatment of the lymphatic leukemias, among 
which are included dironic lymphatic leukemia, acute l3mphatic 
leukemia, and aleukemic lymphoma 
The histo-pathology of Hodgkin’s disease, l^mpho-sarcoma, leuko- 
sarcoma and mycosis fungoides is to be briefly considered from the 
viewpoint of group relationships Speaal attention is given to the 
effect of irradiation upon normal and diseased lymphatic tissue and 
the clinical results of its use in treatment 
I shall include a bnef review of the embryology, anatomy, physiol- 
ogy, histology and histogenesis, of normal lymphatic tissue, the essen- 
tial histo pathology of lymphatic leukemia, present opinion as to the 
classification of lymphatic leukemia and its relations to other lym- 
phatic diseases, the metabolic changes in leukemia after irradiation, 
the effect of light on lymphocytes, and the present status of the ex- 
perimental production of leukemia The technique of irradiation as 
practised at the present time is outlined The results of treatment of 
Ijonphalic leukemia by agents other than irradiation are summarized 

NORIIAL LYltPIIATIC TISSUE 
a hmiryoUgy 

Embrj'ologists agree that lymph nodes do not develop in man until 
tlie latter part of the tlurd month The endothelium forming tlie 
lymph vessel onginates as an off-shoot or bud from the endothelium of 
a vein After a plexus of such lymph vessels is formed, the embryonic 
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lymphocytes begin to collect and multiply around the lymphatics 
These cells are either differentiation products of the connective tissue 
cells (mesenchymal) tn situ or have migrated to this position through 
the walls of neighbonng blood vessels 
Both the spleen and the l 3 nnph nodes are of mesodermal origin 
At one time the spleen was thought to be derived from the epithelium 
of the gut tube, but in the light of recent work this theory has become 
untenable Save for the replacement of lymph sinuses by blood 
sinuses as in the spleen, the hemo-lymph nodes originate in the same 
way as lymph nodes 

Flemimng (1884-1885) suggested that the lymphocytes of the 
cords were produced by the germinal center cells His theory has been 
generally accepted, but certain histologic observations cast doubt 
upon It The difference in morphology and staining is well known. 
Germinal centers are not found in certain lymph nodules, and are 
absent from the medullary cords They are also absent from the 
early stages of embryonic nodes 

h Anatomy and physiology 

It is not the purpose of the present article to go deeply into the 
anatomy and physiology of lymphoid tissue, but only to note certain 
salient pomts m relation to the studies m hand 
From the anatonucal arrangement of lymphatic tissue, it appears 
to have a part in the protection of mucous membranes The mucous 
membranes of the mouth, the tongue, the nasal passages, the bronchi, 
the esophagus, the stomach, the intestine, the bladder and urethra, 
have almost invariably a submucosal layer containing l 3 nnphocytes 
in great numbers, arranged with or without germinal centers 

The sahvary glands, the thyroid, the liver, the pancreas, the kid- 
neys, and the adrenals do not normally contain much lymphatic 
tissue within their interstices. The lymphatics of the lungs and 
bronchial tubes drain into a group of nodes about the hilus of the 
lungs and around the tracheo-bronchial junction The lymphatic 
tissue of the abdormnal cavity, aside from that beneath the mucosa 
of the gut tube, is collected mto three main lymphatic structures or 
sets of structures, the spleen, the mesentenc lymph nodes, and the 
posterior peritoneal nodes The deep pelvic nodes are situated along 
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the large vessels and, together mth the inguinal groups, receive lymph 
from the genital organs and lower eTtreinities 
The hemo-lymph nodes are thought to have a structure and function 
similar to splemc tissue They are directly in the course of blood 
vessels instead of lymph vessels Their sinuses, therefore, are filled 
with blood instead of lymph (Mottram, 1923, Jordan, 1924) They 
are found in the retroperitoneal fat and the prevertebral region of the 
neck 

c Htslology 

There are three cellular elements in the lymph node which are pe- 
culiar to It the lymphoid cells, endothebal cells of the sinuses and 
penvascular spaces, and the reticulum cells and fibers There are 
constantly present, also, structures which belong to the so-called 
myeloid series, polynuclear neutrophiles, and eosinophiles, and large 
mononuclear cells hke the formative cells of the bone marrow Cells 
of these three typos are doubtless deposited by the arculatmg blood 
Certam observers have mshed to see myeloid tissue in lymph nodes, 
and thus crplain the presence of such cells upon the basis of local 
production Since, however, the diseases of lymph nodes never 
express themselves ivith alteration of myeloid cells but only of lymph- 
oid cells, and since myeloid alterations are definitely assoaated with 
bone marrow changes, it is not necessary', for our purpose, to discuSs 
further academic questions concernmg the existence of differentiated 
marrow cells in the lymph nodes When polynuclear cells are present, 
there is usually other evidence of inflammation, and 'ivhen myelocytes 
and promyelocytes are found, they can be explained by other lesions 
of bone marrow disease 

In the spleen tlie malpigluan bodies arc composed of germinal center 
cells and so-called adult lymphocytes, arranged as the cells of the 
lymph nodes In the red pulp, the connective tissue forms a thick 
network, in the meshes of uhich he the parenchyma of the spleen and 
the sinus spaces The cellular elements of the reticulum are macro- 
phages 

Von Ebner (1902) distinguishes the varieties of pulp cells according 
to tlicir morphology inthout reference to their origin, as (1) small 
mononuclear lymphocy'tes, (2) monOnudear, polymoxphonudear and 
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multinudear leucocytes, (3) nucleated red blood cells, (4) adult red 
blood cells (5) large phagocytic cells, enclosing red blood cells or 
pigment granules; and (6) megacaryocytes, or giant cells with poly- 
lobular nuclei appearing only in young animals. Blood platelets and 
free pigment granules occur. The leucocytes (2) are in the majority, 
the lymphocytes (1) are next, and the phagocytes (5) next It is 
thus seen that the spleen contains all the cells present m the lymph 
node, and in addition certain cells pecuhar to itself, which have been 
said to originate in the malpighian follicles. 

It is evident that the different regions of the spleen have different 
functions, and this opinion is supported by the observation that 
exposure of rats to the roentgen ray first destroys the cells of the 
follicles and leaves the pulp elements unchanged until after much 
longer exposure The different reactions of pulp and folhcle in the 
leukemias also support this theory In myeloid leukemia, the pulp 
is said to show hypertrophy, whereas m the lymphatic form the 
follicle shows hypertrophy (Kahn, 1923). 

LYMPHATIC LEUKEMIA 
a Group synonyms and classtjicahon 

Wunderlich coined the term malignant lymphoma It is a present 
fashion to use it in a collective sense to cover the group of progressive, 
ultimately fatal, diseases affecting primanly the lymphocytes and 
lymphatic tissue Its derivation suggests a new growth Whether 
Hodgkin’s disease should be included, and whether lympho-sarcoma, 
lymphatic leukemia, and aleukemic lymphoma are variants of the 
same disease are questions winch have vexed pathologists for 75 years 
In the meantime the struggle over classification has evolved the follow- 
ing fonmdable list of terms, historically interesting, but confusmg 
progressive multiple lymph gland hjrpertrophy (Wunderhch, 1858), 
Ijmphosarcoma (Virchow, 1864-1865), pseudo-leukemia (Cohnheim, 
1865), adenie (Trousseau, 1865), multiple lymphadenoma without 
leukemia (Wunderhch, 1866), malignant l}mphoma (Wunderhch), 
Hodgkin’s disease (Wilks, 1865), lymphatic leukemia (lymphocytic 
and lymphoblastic), aleukemia (Pappenheim, 1907b), aleukemic 
lymphatic leukemia, leuko -sarcoma, aleukemic lymphadenosis 
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(Schndde), lymphomatosis, round cell sarcoma, aleukemic lymphoma, 
lymphadeno-sarcoma, Mikulicz’s disease, mycosis fungoides, and 
lymphoblastic erythrodermia (Sequeira and Panton, 1924^-1925) 

For the purposes of clear indexing the following terms seem de- 
sirable 

1 Lymphatic leulwCirua 

2 Aleukemic lymphoma 

3 Lympho sarcoma 

4 Hodgkin's disease 

3 Lcuko sarcoma 

b Htslory 

The history of the disease leukemia extends over a penod of 81 years 
Hughes Bennett (1845) recorded a peculiar case of suppuration of the 
blood with enlargement of the hver and spleen He called the disease 
“leucocythemia ” In the same year, but a little later, Virchow (1845) 
descnbed a condition which he named leukemia Eight years later 
Virchow (1853) drew a distinction between splenic and lymphatic 
leukemia The clear-cut differentiation of leukemia into the two 
types, myelogenous and lymphatic, followed the newer staimng 
methods perfected by Ehrlich (1891) 

In 1895 Roentgen discovered the x-rays Roentgen-ray therapy in 
leukemia was used first in 1901 by Pusey (1902) and by Senn (1903) 
M and Mme Cune discovered radium in 1898 Its value in the 
treatment of leukemia was reported in 1914 (Renon, Degrais and 
Toumemelle, 1914) and 1915 (Pmch, 1915) Deep x-ray therapy 
was described by Domima (Wickham and Degrais, 1910) and elabo- 
rated by Kroenig, Gauss, and others 

c Btslopalhology of chrome lymphaltc lexthemta 

The peculiar histological picture of chronic Ijunphatic leukemia 
is best seen in an exased lymph node The architecture of the node 
IS as a rule completclj' destrojed The orderly arrangement of 
genmnal centers, cords, sinuses, and fibrous septa is replaced b} an 
unorganized hyperplasia of lymphatic cells The uniformity of cell 
type IS striking and there is usually little xanation m the size and 
appearance or intensity of staining Tlie effect is as if a given cell 
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had continued to form new cells of its own type unrestrained by the 
usual barriers until the entire node consisted of a monotonous repeti- 
tion of uniform cells 

Wherever lymphatic tissue normally occurs the same histological 
picture is seen The hyperplasia of lymphatic cells is general The 
spleen, the superficial lymph nodes, the submucosal collections of 
cells in the gastrointestinal tract, the lymphatic tissue of the bone 
marrow, the lymphatic tissue about the bile ducts, the tonsils, the 
thymus, the peribronchial nodes, subcutaneous collections of lym- 
phatic tissue, aU show the unorgamzed hyperplasia of the same cell 
type Occasionally slight evidence of inflammation is seen but as a 
rule there is no indication of fibrosis, polynucleosis, endothehoid cell 
reaction, or other granuloma-like features 

The capsule of the l5Tnph node and the structures about the lymph 
node are usually not invaded by the lymphatic cells as by an in- 
filtrating new growth The capsule may however contain a few 
of the abnormal cells Accompan3mig tins pathological picture there 
is an increase in the lymphocytes of the blood 

d Aleukemic lymphoma 

The histological features of the excised node are the same as in 
lymphatic leukemia The only difference is the absence of the pecu- 
liar blood picture Although there may be no increase m the absolute 
number of circulating leucocytes there is usually an increase in the 
relative number of l3mphocytes in the differential count — the so-called 
sublymphemic blood picture Many observers prefer the term the 
aleukemic phase of leukemia, and object to the classification of 
aleukemic leukeima (aleukemic l3mphoma) as a separate and distinct 
disease An aleukemic state may occur in both chronic and acute 
lymphatic leukerma In the latter it sometimes appears as a sign 
of exhaustion, the drop in circulating lymphocytes increasing as the 
patient becomes weaker and approaches death. The aleukemic phase 
can be produced by irradiation m a patient ^vith chrome lymphatic 
leukemia 

In acute lymphatic leukemia the peculiar hyperplastic picture in the 
lymphatic tissue may be lacking or may resemble closely the histology 
of the chronic disease although the cells appear to be of a more im- 
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mature type All grades of hyperplasia occur between the two 
extremes The cell type in acute lymphatic leukemia is usually the 
large immature lymphocyte Without oxj’^dase stams it is often 
impossible to distmguish it from immature myeloid cells The cell 
type m chronic lymphatic leukemia in the circulating blood usually 
resembles a normal adult lymphocyte, while m the fixed lymphatic 
tissue the cell resembles the cells of the normal germinal centers 

DEFINITION AND BRIEF DESCRIPTION OT CERTAIN DISEASES SOME- 
TIMES THOUGHT RELATED TO LEUKEMIA 

a Lymphosarcoma 

Virchow (1864-1865) applied the term lympho-sarcoma to a group 
of diseases involving the lymphoid apparatus which included Hodg- 
kin’s disease, what is classified to-day as aleukemic lymphoma, and 
lympho-sarcoma Kundrat (1893) drew the distinction, now accepted 
by most authorities, between lympho-sarcoma and other lymphatic 
diseases Ho designated a grow th of lymphoid tissue, somewhat more 
restneted locally than in Hodgkin's disease, or in leukemia, having 
greater invasive tendencies suggesting sarcoma, but lacking marked 
evidence of metastasis by the blood stream 

b Laiilo-sarcoma 

The tenn Icuko-sarcoma has been given to those cases which show 
the local cliaractenstics of lympho-sarcoma together with an increase 
in the arculating mononuclears of the blood They seem to stand 
between lymphatic leukemia and lympho-sarcoma 

c Mycosis fiingoidcs 

This disease was first desenbed by Alibert in 1814 It has been 
placed among the granulomas by Stellwagen, Auspitz, Hatch, and 
others, among the pseudo-leukemia and Ijonpho sarcoma group by 
Paltauf, and among tlie leukemias It is impossible to say at the 
present time what its proper classification is 

d Hodgkin's disease 

The histological difference between Hodgkin’s disease and lymphatic 
leukemia is the granuloma-hkc appearance of the speafic lesion of 
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Hodgldn’s disease, i e , fibrosis, the presence of numbers ofpolymor- 
phonuclear cells and endothehoid cells, sometimes with areas of 
necrosis, and the absence of features pecuhar to leukemia Hodgkin’s 
disease begins as a local condition and spreads to neighboring lymph 
node areas Lymphatic leukemia apparently involves all the lym- 
phatic tissue simultaneously The one is a local disease which spreads, 
the other is a general disease from the beginmng 

e Mtxed leukemia 

The oxydase granule staining method as modified by Graham (1916) 
has explained many of the so-called mixed leukemias, that is, leukemias 
said to have increase of both myeloid and lymphoid cells in the blood 
of the same patient. It has shown that with ordinary staining methods 
the premyelocytes often appear morphologically similar to lympho- 
cytes of immature type. In acute myelogenous leukemia, the pre- 
myelocytes may enter the circulation at such an early stage of their 
development that granules in the cytoplasm can not be demonstrated 
by any known staining method. From recent work it is probable 
that most cases of acute leukemia belong to the myeloid group, 
although infrequent cases of acute lymphatic leukemia undoubtedly 
occur The existence of a true “mixed leukemia” as an entity in 
man has never been fully substantiated. 

EFrECT OF IRRADIATION ON NORMAL LYMRHATIC TISSUE 

The study of the eSect of irradiation on normal lymphatic tissue has 
been stimulated primarily by the favorable results obtained in the 
treatment of leukemia with x-rays, and recently by the study of resist- 
ance to cancer These studies have been reported especially from the 
Middlesex Hospital, London, by Mottram and Russ (1919-1920, 
1921) and by Russ, Chambers, Scott and Mottram (1919), and from 
the Rockefeller Institute, New York, by Murphy and Sturm (1919), 
Murphy and Nakahara (1920), Nakahara and Murphy (1921), 
Murphy, Liu and Sturm (1922). 

Heineke (1904) first emphasized that lymph cells are peculiarly 
susceptible to roentgen rays He demonstrated in small ammals that 
x-ray e.xposures primarily affected the lymphatic tissue Degenera- 
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tion of the lymphoid folhdes m the spleen and lymph nodes and a drop 
in the number of circulating lymphocytes developed Several days 
after irradiation the lymphocytes almost entirely disappeared ivhile 
the absolute number of polymorphonuclear cells and large mononu- 
clears showed very little change 

Aubertm and Beaujard (1908) were the first to report that after 
Y-ray treatment a primary leucocytosis developed, and afterwards 
a leucopema The leucocytosis was due to an increase in polymor- 
phonuclear leucocytes This observation has been confirmed by many 
others, among them Taylor, Witherbee, and iluiphy (1919) Appar- 
ently the height of the leucocytosis is different in man and in ammals, 
m ammals the number of leucocytes may be doubled, m man an in- 
crease of more than SO per cent is unusual 
The imtial leucocytosis generally lasts about 24 hours It begins 
about 2 hours after the treatment and reaches its height about 12 
hours after treatment When radium is used the leucocytosis lasts 
as long as 48 hours The effect of x-rays and radium is essentially 
the same, but there appear to be some slight differences in the degree 
and intensity of reaction For instance Levin (1922) thought that 
radium caused less general disturbance to the blood and hemato- 
poietic system than corresponding doses of roentgen raj s 
Linser and Helber (1905), after numerous experiments vath animals, 
concluded that x-rays destroy not only the lymphoid cells of the 
spleen and nodes, but also the arculatmg leucocytes, espeaally the 
young Ijmiphocytes They reported also that following x-ray treat- 
ment a new substance, a leukotoxm, was produced in the blood uhicdi 
destroyed the circulating leucocytes, especially the Ijnnphocytes 
The presence of such a leukotoxm has not been fully substantiated 
Murphy and his coworkers at the Rockefeller Institute uere unable 
to prove such a substance in the serum of x-raj^ed rats 
David and Desplats (1912) confirmed the work of Heineke and ex- 
tended It Their experiments indicated that the roentgen rajs ha\e 
a selective action on lymphoid, myeloid and cndothelioid cells, causing 
nuclear disintegration, fatty degeneration, and necrosis, which may 
be followed by secondaij fibroblastic or endothelial proliferation 
In small ammals tliey find that a \trj short exposure may cause 
changes nearly as marked as much longer exposures, or Uic changes 
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may be sbght, or in direct proportion to the degree of exposure Sex, 
age, species, and individuahty were also factors in determining the 
effect of roentgen rays White rats were more sensitive than white 
mice, male rats than females, young ones than old ones The mdi- 
vidual resistance also varied 

Exposures of five hours or more kiUed mice, rats, young rabbits 
and guinea pigs in from two to ten days The symptoms leading to 
death were umform and characteristic, and probably to be interpreted 
as an intoxication resulting from the dismtegration of cell-protein 
The greater the destruction of lymphoid tissue, the more conspicuous 
the symptoms of mtoxication By prolonged exposures practically 
all the lymphoid tissue of the spleen may be destroyed The destruc- 
tion of lymphoid tissue was always more extensive in the spleen than 
m the Ijunph-glands or bone-marrow. Exposures producing the 
appearance of chromatm dust in the spleen had a shghter effect upon 
the mesenteric glands. David and Desplats explam this result by the 
assumption that the white cells in the spleen are m a more unstable 
condition 

The cells chiefly affected by the roentgen rays were the young forms, 
the small and large lymphocytes, and the myelocytes Fewer of 
the polymorphonuclear leucocytes were destroyed Regeneration of 
lymphoid tissue was slow after prolonged or repeated exposures, es- 
pecially after destruction of the younger forms They think that 
changes m the large epithehoid cells in the folhcles after intense 
exposure may explain the slow regeneration 

Fox and Farley (1923) summanzed the effects of irradiation on 
lymphoid tissue as follows 

Mild doses playing upon lymphatic tissue cause low-grade hyperplasia 
in cords and follicles while protracted or repeated exposures are followed by 
a dimmution of small mononuclears After the reduction of the normal 
lymphocytes from repeated irradiation, larger cells develop resembhng the 
normal lymphoblasts in appearance They seem to act as lymphoblasts 
These cells are somewhat resistant to the action of the x-rays If radiation 
of normal nodes be not too prolonged, for example to the extent of fibrous 
tissue stimulation, normal architecture and histogenesis wiU probably 
return The stage of degeneration m lymphatic tissue is demonstrated 
by swollen or vacuolated cells, in pyknotic or fragmented nuclei and by 
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“chromatin dust ” Reactive phenomena take the form of an increase of 
the lymphoblasts noted above, a prominence of endothehal cells and later 
connective tissue overgrowth, both of the latter two seem stimulated by 
x-ray directly or by the degeneration products of cellular death The 
endothelial cells, because of evidence of phagocytosis m them and because 
they seem to multiply during treatment have been thought to participate 
not only in the removal of cellular debns, but actually to affect the destruc- 
tion of lymphocytes 

David and Desplats (1912) bebeve that irradiation is effective while 
the endothelial cells are still active, and that when fibrosis is excessive 
and chokes them out of existence the favorable effects of irradiation 
cease Connective tissue increase is usually explained as a process 
which IS reparative as well as due to stimulation by the rays In ad- 
dition to the above changes there may be intravascular endothelial 
hyperplasia or blood coagulation or both, wnth the resultant destruc- 
tion of the lumen of vessels, depnvmg some sections of tissue of 
nutrition In view of these changes it is not difficult to imagine that 
normal anatomy of lymphatic tissue does not return after x-ray 
treatment of hyperplasias, tumors, or inflammations 

Murphy and Morton (1915) found that large doses of x-rays destroy 
lymphoid tissue and that small doses after causing a certain amount of 
destruction, bnng about an actual stimulation of lymphatic tissue 
The most satisfactory stimulation was obtained with x-rays of com- 
paratively long wave lengths and therefore of low penetrating power 
Murphy, Liu and Sturm (1922) found that the serum of x-ra> ed normal 
rats caused an increase in the number of lymphocytes “in vitro ” In 
two hours It amounted to IS to 30 per cent There was also an in- 
crease in mitotic figures In their expenments they prepared lymph- 
oid cells from the thymus and lymph glands of rats, suspended them 
in tlie serum of x-rayed rats, and incubated them for tw o hours A like 
suspension of cells in normal scrum underwent rapid disintegration 
and in only one instance among a large number of films examined w as 
a mitotic figure found The stimulative effect of scrum from x-rayed 
rats endured from one to two hours after the exposure but w as not 
detectable in the serum taken seventeen hours or more after the 
treatment Serum x-ray cd “in vitro” was devoid of stimulative 
action It would appear, therefore, that the change is not a simple 
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one in the serum itself Furthermore, it is known that the stimulation 
of lymphocytes mduced by x-rays “in vivo” is always preceded by 
some destruction of lymphoid cells, a circumstance suggesting that 
the stimulating substance may be a disintegration product of lymph- 
oid cells. Furthermore, the experiments of Murphy and his co- 
vorkers failed to show any evidence of a so-called lympho-toxin in 
the serum of x-rayed animals, even after an exposure so long as to 
cause almost complete destruction of the lymphoid tissue of the living 
animals 

Murphy discusses the comphcating effect of foreign protem, and the 
instability of the blood counts of rabbits and guinea pigs, as possibly 
accounting for the results of these early experiments 

Schinz (1924) showed that the cell nucleus is most sensitive to 
irradiation when imdergoing mitosis If the ceU can also be stimu- 
lated to mitosis by mild irradiation, the question anses whether a 
prelirmnary mild treatment followed by a more destructive dose at 
the proper time might not be more effectual where destruction of 
tissue is the object 

Holthusen (1925) and Spurhng and Lawrence (1925) have demon- 
strated that cells in the blood are more resistant to irradiation than 
the same cells m the sites of formation Menetrier and Tourame 
concluded from experiments that x-rays are espeaaUy active in de- 
stroying young cells in active prohferation (quoted by David and 
Desplats, 1912). 

EFPECT OE X-RAY UPON THE HISTOLOGY OF LYMPH NODES AS SEEN IN 
NODES rem:oved from: patients with lymphoadenopathy 

The foregomg summary is largely from work of experimental char- 
acter. There have been very few reports of direct histological 
examination of l5nmph nodes removed at biopsy after roentgen ray 
treatment 

Laignel-Lavastine and Coulaud (1922) descnbe a case of Hodgkin’s 
disease m which the first biopsy showed recent sclerosis in strands 
especially near the periphery, many polynuclears arranged m small 
groups, numerous young connective tissue cells, many eosmophiles, 
and a moderate number of very large cells of unusual shape with multi- 
ple nuclei (Reed cells), some arranged penpherally. Thorough x-ray 
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treatment was made over the enlarged nodes They decreased rapidly 
in size, vith marked clinical improvement A second lymph node 
was removed six weeks after v-ray treatment Microscopically it 
vas almost entirely sclerotic, but the connective tissue was so acUve 
that It resembled sarcoma Polynuclears were absent and only a fen 
transitional forms and eosinophiles were present There were none 
of the very large cells with multiple nuclei Plasma cells were nu- 
merous in the connective tissue areas The outstanding changes were 
the rapid fibrosis and disappearance of the large nucleated cells 

Fox and Farley (1923) reported seven cases m nhich a node ivas 
removed before and after x-ray treatments, and the histological differ- 
ences ivere studied The group mduded 2 cases of Hodgkin’s disease, 
1 case of Stemberg’spseudo-leukemic tuberculosis, 2 cases of aleukemic 
lymphoma, 1 case of leukemia cutis with sublymphemic blood, and 
1 case of lympho-sarcoma From the histological changes after x-ray it 
was possible to place the cases in three groups 

1 The lymphogranulomatous (Hodgkm’s) nodes dearly shoued 
fibrosis, and disappearance of the endothelioid and giant cells The 
lymphoid cells disappeared almost entirely The reaction as a whole 
resembled the coarse and deforming fibrosis seen m late stages of 
tumor-forming Hodgkin’s disease The general aspect was as though 
the natural course of events withm the node had been accelerated 

2 The most striking difference of the leukemic group from the 
granulomatous group was the practical absence of fibrosis Small 
adult lymphocytes appeared to be reduced in number The large 
vesicular mononudears seemed actually to be increased in number 
Vasculanty of the node was greater after treatment 

3 In the case of lymphosarcoma, tlie cellular picture wluch pnmar- 
ily was almost homogenous, was changed b> x-ray into one m which 
degenerated cells were mixed wath actively growang mdiaaduals re- 
sembling spindle cell sarcoma elements The fibrosis was increased 
in strands and between units, but not to the extent seen in the gran- 
ulomatous group Obliterative thrombosis was not notable m any of 
the sections made after x-ray treatments The degree of irradiation 
and the number of treatments neccssanly varied with the patients, 
thus making impossible absolute condusions from comparison 
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CHEMICAL METABOLISM AETER IRRADIATION IN LEUKEMIA 

Knudson and Erdos (1917) found the excretion of total nitrogen, 
urea, anamonia and phosphates very greatly increased after irradiation 
over the spleen in myelogenous leukemia The uric acid output was 
raised but slightly m comparison with the other nitrogenous elements 
Their interpretation was that the apphcation of radium over the 
spleen accelerates the dismtegration of nuclear material Uric acid, 
which one would expect to be increased from the breaking up of 
nuclei, IS probably broken doivn further and excreted as a different 
product There was an especial increase in the phosphates, at tunes 
as much as 400 per cent. 

Studies of blood phosphorus m myelogenous leukeima were made 
by Buckman, D aland and Weld (1925). They found an elevation of 
the phosphorus content of the blood, due to an increase in the phos- 
phorus content of its formed elements and not of the plasma They 
concluded that the immature myeloid cells especially are rich in 
phosphorus and that the phosphorus content is an index of their 
maturity 

Gunderson (1921) concluded that the increased metabolic rate m 
leukemia is also an index of the degree of immaturity of the white 
blood cells It is known that young cells in general have a higher rate 
of metabohsm than older cells Buckman and others thought the total 
phosphorus content of the corpuscles to be a more sensitive index of 
their immaturity than the patient’s basal metabohc rate After 
roentgen ray therapy a transient increase of the total phosphorus 
content of both plasma and cells generally occurs as a result of tissue 
destruction The cells seem to act as a temporary reservoir for the 
phosphorus thus suddenly increased m the plasma This change 
after roentgen ray treatment occurs m both leukeima and cancer but 
to a much greater degree m leukemia, no doubt because of the greater 
destruction of immature cells m that disease After the initial dis- 
turbances following a successful roentgen ray treatment m myeloge- 
nous leukemia, the total corpuscular phosphorus subsides to normal 
levels, probably because the immature cells have been disposed of. 
When the patient relapses and immature cells increase in the blood, 
the total blood phosphorus again rises No significant changes were 
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noted in the inorganic phosphorus before or after irradiation in leu- 
kemia and cancer The studies were made on myelogenous leukemia 
but It IS to be expected that correspondmg changes occur m lymphatic 
leukemia 

All possible means of guiding irradiation therapy m leukemia are 
welcome smce the questions of when to stop treatment and when to 
begin are not readilj' answered 

THE ACTION OF LIGHT ON LYMPHOCYTES 

The study of the effect of hght on the lymphocytes has been earned 
out almost entirely by observations on the lymphocytes of the blood 
hlost of the expenments have been occupied with the effect of sun- 
hght It should be reaUzed that such studies are concerned both with 
rays of the visible spectrum, that is, rays having wave lengths of from 
400 to 760 millimicrons, and with the invisible rays above and below 
the range of the visible These include the mfra-red, having wave- 
lengths above 760 milhmi crons, and therefore above the visible range, 
and the ultra-violet, hating waves of from 100 to 400 milhmicrons, 
and therefore below the visible range 
Pohto (1908) deposed rabbits to direct sunhght for varying penods 
He found an increase in the total count consisting largely of mcrease 
in tlie mononuclear cells The increased counts amounted to as much 
as 5000 per cubic meter After an hour tlie blood returned to normal 
Murphy and Sturm (1919) have shown that dry heat produces an 
increase in the circulating lymphocjdcs of the blood It is uncertam 
what part changes m blood volume and changes in tlie penplieral 
capillary bed played in tlie results reported m these experiments 
Aschenheim (1913), Taylor (1919), WidJine (1908) and others have 
reported increase in lymphocytes after exposure to sunlight There 
IS considerable evidence that residents of tropical countnes have a 
higher total of Ijmphocytes than residents of temperate zones These 
studies have been made by Guerrero and Sevilla (1909), Phalen (1910), 
Wicklme (1908) and others 

One of the best controlled studies, considering the type of ray, has 
been reported by Janet Howell Clark (1921) An iron arc was used 
by Clark It gives out ravs from 650-1- to 238 millimicrons m wave 
length, that is, rays below the visible spectrum in tlie ultra-violet 
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range, and rays above in the infra-red range Heat was eliminated 
by distance By means of filters of different colored glass, picnc acid, 
etc , the range of the rays used m the exposures was controlled She 
concluded that the region of far ultra-violet (wave lengths shorter 
than 300 millimicrons) has practically no effect on the absolute number 
of polynuclears of the peripheral blood, but produces a very marked 
lymphocytosis, lasting about 3 weeks. The near ultra-violet (330 to 
390 millimicrons) has a depressing effect on lymphocytes and, to a 
less degree, on the pol)muclear cells The region between 450 and 
650 millimi crons has a stimulatmg action on botli lymphocytes and 
polynuclears, especially on the former 

POSSIBLE EXPERIMENTAL PRODUCTION OE LEUKEMIA, RELATION 
TO RADIO-ACTIVITY, ETC 

Leukemia has been reported as occurring naturally in animals 
Much study has been made of the disease in fowls The nucleated 
red blood cells of the fowl, and the differences m leucocytes from those 
of man have offered considerable difficulty The experimental pro- 
duction of the disease in large animals would be a decided advance. 
Sternberg (1912) states, “As for the cause of leukemia the only in- 
teresting observation is that of Ellermann and Bang on the transmis- 
sion of leukemia in the fowl by the filtrate of organs, and transfer by 
Ludke (1910b) of marrow and spleen from a mixed leukeimc dog to 
another dog An acute leukemic picture may be produced by pyridm 
and toxms of some cocci ” The mention of the acute leukeimc blood 
picture in the last sentence refers to the work of Ludke m 1910 
Ludke, using dogs and apes, first brought about a marked anemia mth 
pyridin When emulsions of streptococci and staphylococci were 
then injected intravenously into the prepared animals, a picture 
somewhat resembling acute myelogenous leukemia was produced m 
the blood However, as Sternberg says (1912), the results obtained 
were not analogous to myeloid leukemia in human bemgs They 
were more like a symptomatic myeloq^tosis, and proof is lacking of 
a toxic-infectious cause of the disease Sternberg (1911) refers to 
his own work with streptococci along this line in which he confirmed 
the work of Ludke but failed to find that a true leukemic blood picture 
was produced Zeigler (1906) effected a myelocytic blood reaction 
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m animals by means of large doses of x-rays over the spleen His 
explanation was that the damaging action of the x-rays on the Mal- 
pighian folhcles of the spleen disturbed a hypothetical mutual inhibi- 
tory action existmg between the lymphoid and myeloid systems 
A number of cases of aplastic pernicious anemia in workers ivith 
radium, x-rays and thonum have been reported E,mile-Weil (1925) 
observed recently two civil engineers who had been working in the same 
laboratory prepanng radio-active substances of the thonum group, 
one of whom succumbed to pemiaous anemia and the other to mye- 
loid leukemia He ates from the hterature seven other cases of 
leukemia that developed under similar conditions Five of the seven 
developed ih x-ray workers, one m a person who handled radium, and 
one in a person who received x-ray treatment In 7 cases the leukemia 
seemed to be produced by small doses of rays over a long penod of 
time In the one case of therapeutic origm the patient received a 
single massive dose of penetratmg rays for uterme fibroid However, 
the leukerma did not develop until four years later, and there seems 
to be considerable doubt as to whether the rays were a factor m causa- 
tion He states that the leukemias in these eight cases were of both 
tlic lymphatic and myelogenous types In view of the undoubted 
production of aplastic pemiaous anemia by the action of rays on the 
bone marrow , it is not surpnsing that the production of a myelogenous 
type of leukemia by rays should be reported, but the production of 
lymphatic leukerma by such means should not be credited without 
very close scrutmy 

Sellards and Baetjer (1918) moculated splemc tissue from a case of 
acute leukemia in man mto the spleens of cats Death occurred 
promptly Splenic tissue from these animals was injected into the 
spleen of a monkey (Macacus rhesus) A temporary' leukemic blood 
picture w as produced The ammal recovered Attempts to transmit 
to a second monkey’ failed to have the previous result 

KECEMLX REPORTED RESOT-TS OE TREATMENI 01 EYMWLITIC lEU- 
ICEinA BX irradiation and MISCELL/VNEOUS XIFTIIODS 

Irradiation in leukemia has been accomplished by the use of radium, 
the roentgen ray , mesothonum, thonum X, and vanous radium salts 
I he last three have been injected intravenously 
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The results obtained by radium treatment in the past decade have 
been very promising. Some observers (Ordway and Gorham, 1920, 
Ordway, 1917) have been rather decided in their opinion that radium 
is superior to the roentgen ray m the treatment of leukemia Others, 
more conservative, consider the older method of irradiation (with the 
roentgen ray) of equal value, and the method a matter of choice except 
when certain indications arise m the individual case These special 
indications are noted in the section on technique, especially that 
described by Pancoast. Ordway (1917) is of the opinion that a 
conspicuous therapeutic result can sometimes be obtained by radium 
in cases which have become resistant to the x-ray There is probably 
no mherent difference in the two methods 

Beclere and Beclere (1913-1914) reported excellent results from 
using concentrated rays over the spleen B eclere marked out carefully 
a number of small portals of entry His technique has had much 
influence 

B6clere summarized his observations in the treatment by roentgen 
ray of leukemias which included 12 lymphatic, 93 myelogenous and 
5 acute The results in the acute cases were ml The most valu- 
able results were obtained in those of the myelogenous type All 
the lymphatic group showed improvement for a time, m increased 
strength, disappearance of the enlargement of the lymph nodes and 
spleen, diminution of the anemia, increased appetite and a sense of 
well being 

He considered that the best results came from direct treatment of 
the spleen m myelogenous leukemia and of the lymphatic masses m 
the lymphatic type Like many others, he reports that he could not 
see notable effects from attempted raymg of the bone marrow. Roent- 
genologists are divided upon the value of raymg tlie long bones, but 
most of them do so m addition to raying the spleen and lymphatic 
masses Some have made the mistake of raymg the shafts of the 
bones rather than the extremities where most of the red marrow is 
located The bone marrow of the shaft of the long bone is largely 
fat, and no result on the myelocytes and l 3 miphocytes should be ex- 
pected with such technique Beclere attempted to follow the blood 
picture carefully m the interval following treatment, and to remstitute 
treatment when the blood mdicated a relapse In aleukemic lym- 
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phoma It IS necessary to judge recurrence by the return of the lym- 
phatic masses smce the blood gives no indication, except m those cases, 
not infrequently observed, which pass from a state of aleukemia to a 
frank leukemic blood picture 

The course of acute leukemia of both types, myelogenous and 
lymphatic, is not shortened by the use of radium or x-rays In some 
cases it has seemed to do harm and to hurry the patient on to a fatal 
ending 

All (Mmot and Isaacs, 1924, and Wood, 1922) agree that leukemia 
of the chronic type is benefited by irradiation No cures are reported 
Although most authonties consider the improvement temporary, it 
IS often staking The patient who has been a scmi-mvahd rapidly 
gets better, all signs of the disease disappear, and apparently he is 
entirely well, able to pursue his occupations and enjoy life The 
duration of his freedom from symptoms is vanable, and appears to 
depend upon factors concerning which we know little The disease 
seems to have a fixed rate of progress Some patients live for 2 years, 
others for 15 years, before it is fatal The duration and rate of ad- 
vance seem dependent upon a multitude of imponderable factors, 
such as heredity, race, or resistance of the patient, conditions mflu- 
encing the rate of cell division, etc Dr Frank Billmgs (1922) 
mentions the case of a laundress with chronic lymphoid leukemia who 
was under observation for 12 years She refused all irradiation and 
had only small doses of arsenic and iron 

hlinot and Isaacs conclude from a study of their results with and 
without irradiation that the length of life of the patient is not markedly 
influenced by irradiation, but that he is able to live, while he does hve, 
in greater comfort and freedom from symptoms 

The intravenous use of mesothonum and thorium is still in tlie 
experimental stage and no really consistentresults have been reported 
Wada (1925), usmg small intravenous mjections of radium bromide, 
demonstrated a favorable action on blood formation, but radium w as 
found in the marrow after several months Such a form of therapy 
cannot be looked upon as desirable, for its control is too indefinite 

Xalta, Kriser, and Zehncr (1912) produced remission in leukemia 
by tlie injection of thorium X Thorium X and mesoUionum have 
also been employed by the mctliod of application There are no ad- 
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vantages over radium application, the results bemg almost the same 
One finds reports in the literature of mtravenous mjections of various 
radioactive substances for the past 25 years No consistent benefit 
has so far been proven One of the latest reports is by Stevens (1926) 
A summary of the literature and a bibhography can be found in his 
article 

Minot and Isaacs (1924) studied the age incidence, duration, and 
benefit derived from irradiation m 98 cases of chronic lymphatic 
leukemia and 57 acute cases Thirty cases had not been subjected to 
irradiation. 50 cases had been given irradiation by x-ray and radium 
of varying technique because of the period of tune over which the 
treatment extended 

They found that chronic leukemia is distinctly a disease of middle 
hfe, most of the cases occurring between the ages of 45 and 55 , that 
acute leukemia seldom occurs after 25 , that the male sex is affected 
three times as often as the female This preponderance in males has 
been noted by others They concluded that irradiation had not pro- 
longed hfe in patients suffering from either acute or chronic lymphatic 
leukemia This observation has been made by other authorities In 
80 patients, over 30 years of age, with chrome lymphatic leukemia, 
Minot and Isaacs noted that the average duration of life after the 
history of the first symptom was 3 45 years This average was prac- 
tically the same in the 50 cases treated by irradiation as m the 30 cases 
not treated by irradiation Such a conclusion should not be consid- 
ered as generally apphcable without further statistical investigation 
Certainly the impression of many other observers is that irradiation 
prolongs life in the mdividual case The duration of chronic lym- 
phatic leukemia was longer m older than m younger persons Approx- 
imately 14 per cent of all patients live 6 to 8 years 

In acute lymphatic leukemia the statistics of Mmot and Isaacs 
indicated that the improvement from irradiation was evanescent and 
shght About half the patients died in less than two months after 
initial symptoms In the chronic form, on the other hand, there was 
xmdoubted symptomatic benefit from irradiation. In 47 per cent of 
61 chronic cases general improvement occurred There was shght 
improvement in 30 per cent and no improvement in 23 per cent In 
10 per cent there was striking increase in well being and efficiency 
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The number of white cells m the blood did not indicate the patient’s 
true condition so accurately as the morphology of the lymphocytes, 
the number of blood platelets and the percentage of hemoglobin 
When the hemoglobm was less than SO per cent irradiation usually 
caused httle or no improvement The same result was observed 
when the blood platelets were so low as to cause a secondary purpura 
The more immature the circulatmg lymphocytes were, that is, the 
nearer they approached the young cells of acute leukemia, the less 
benefit was to be expected from irradiation An aleukemic blood 
picture did not necessarily indicate improvement, since such a picture 
occurred m patients seriously ill The increase m the patient’s sense 
of well bemg and the decrease in the size of the lymphoid masses or 
spleen appeared to be proportional Irradiation usually was success- 
ful in relieving pressure symptoms caused by enlarged lymph nodes 
Exceptions to this rule, however, occurred It is possible that a 
change to a different form of irradiation might be successful in resistant 
cases 

Minot and Isaacs beheve that treatment and prognosis in the indi- 
vidual case should not rest upon any single item such as the blood 
picture, but should be guided by correlated information from lustory, 
physical signs, blood examination, and determinations of the basal 
metabolic rate Irradiation became less effective as the disease 
progressed This phenomenon tliey considered due to progressive 
involvement of the bone marrow Nevertheless, irradiation seemed 
to be of distinct value and maintained the patient in a better state 
of healtli and efficiency than if it had not been given As to the time 
that the benefit from a course of irradiation may be expected to endure, 
they state that it often persisted for three months, rarely a year, while 
in advanced cases slight improvement often lasted for but a few w'eeks 

As for prognosis in exceptional cases, Mmot and Isaacs record the 
interesting fact that they have under observation at present S patients 
in good general condition who have had the disease between 4 and 10 
years They also have observed 3 other cases, never treated by 
imdiation, showing between 10 and 30,000 leucocytes per cubic 
millimeter, over 75 per cent of the leucocytes being Ij-mphocytes for 
11, IS, and 22 years respectively 

Schreiner and Mattick (1924) reviewed tlie treatment of 16 cases 
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of lymphatic and 9 cases of myelogenous leukemia Their remarks 
on one of their cases of acute leukemia are interesting They note 
an immediate response to radiation. The patient was apparently re- 
stored to health from a moribund state in 19 days A week later, 
S 3 miptoms recurred and the patient died. They agree with Niedhardt 
(1923-1924) who says, “There are not yet any stable therapeutic 
measures for treatment of acute leukemia. Yet it seems under 
prevalent conditions that it will be best to expect further results from 
roentgen ray treatment and to pay speaal attention to proper dosage ” 

Dreyfuss (1922) says, “The fairly good success attamed in myelog- 
enous leukemia stands out in contrast to the inferior results in the 
lymphatic type ” These observations are in accord with those from 
other clinics Brandt (1923) reported 14 cases of chrome leukemia, 
only one of which survived over 30 months He says, “The roentgen 
ray does not cure leukemia but it improves the general condition, 
restores the earning capacity and has a favorable action on the 
erythrocytes.’’ 

F. C Wood (1922) is of the opinion that while some cases of lym- 
phatic leukenua do well under irradiation they do not respond so easily 
and rapidly as cases of myelogenous leukemia The prognosis m 
children was not so good as in adults Although the blood count was 
brought to normal in some adult patients, the disease was unchecked 
and progressed rapidly to a fatal end No conclusion as to the 
probable course of the disease could be based on the initial blood count 
He found that blood transfusion was often helpful, that irradiation 
of the spleen was more effective than irradiation of the long bones m 
myeloid leukemia, and that the roentgen ray sometimes brought back 
to usefulness patients who were in an extremely bad condition 

McAlpin and Sanger (1924) report the results of x-ray treatment of 
16 cases of leukemia Basal metabohsm fell with the white ceU curve 
and rose with it in a parallel manner. The count often continued 
to go down after treatment 

Soiland (1925b) reported a study of 51 cases of leukemia, 42 of 
Hodgkin’s disease and 30 of lympho-sarcoma. He stated that Hodg- 
km’s disease and lympho-sarcoma responded best to irradiation 
Soiland gave to every case of Hodgkm’s disease deep therapy over the 
site of the abdominal nodes, whether enlarged or not He advocates 
the use of radium m conjunction with x-rays 
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Minot and Isaacs (1926) reported the results of an analysis of 
477 cases of lymphohlastoma, which included aleukemic leukemia, 
lympho-sarcoma and Hodgkin’s disease A separation of aleukemic 
lymphoma from the group would have been of additional mterest to 
the reviewer Reports of senes of cases of aleukemic lymphoma are 
very scanty m medical hterature 

Of the group of 477 cases above mentioned, Minot and Isaacs stated 
that comparisons between the lengths of the course of disease in ir- 
radiated and non-irradiated patients did not mdicate that irradiation 
significantly affected the duration of lympho-blastoma It seemed to 
do so m selected cases The chances that the course would be pro- 
longed appears to be relatively great for those first irradiated when 
their disease was m an early stage But they warn against the possible 
fallacy of a general conclusion m this regard, since the duration of 
any such case could be paralleled by one given no speaal form of 
therapy On the other hand, they are certain that irradiation is of 
great value m aUeviaUng symptoms, decreasing the size of lesions, and 
m improvmg the efficiency of the patient Thorough surgical cxasion 
early in the course of the disease, followed by irradiation, seemed to 
mfluence benefiaally some cases of lymphoblastoma 

As to the duration of lymphoblastoma, it was noted that the average 
for 401 deceased patients was 2 76 years Minot and Isaacs, in the 
mterpretation of their statistics of both chrome lymphatic leukemia 
and lymphoblastoma, stress the fact that in these diseases, as m other 
chronic conditions, the duration is so vanable m the mdividual 
patient, whether treated or untreated, that misleadmg conclusions 
may be draivn The author of the review considers the questions as 
to whether irradiation prolongs the hfc of an average patient suffenng 
from either chronic lymphatic leukemia or lymphoblastoma as un- 
settled 


addendum: 

The Icchmqite of irradialton 

Part one under this section is unpublished data It is presented 
therefore as addendum, since it cannot be called a review and so docs 
not fall under die title of the paper Ihc remaming parts of the 
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section consist of a review of recently reported technique of irradiation 
of the leukemias and the lymphomata. 

1. L radiation technique for the leukemias used by Dr Hemy K 
Pancoast and D) Eugene Pendergrass of the Hospital of the 
University of Pennsylvania 

Through the courtesy of Dr Pancoast and Dr Pendergrass I was 
allowed to compile the following summary of their technique, partly 
from their techmque book and partly from personal communication 
The reader is referred to the articles published by Dr Pancoast 
(Stengel and Pancoast, 1908, Pancoast, 1911 and 1917) as a back- 
ground for the technique used at present in their clinic 

a. Myelogenous leukemia For practical purposes this disease is 
treated as a malignant affection of the blood The primary source 
of the mahgnancy, the bone marrow, is irradiated, as well as the places 
where the disease is metastasized the spleen, the lymph nodes, the 
mediastinum, the hver, etc , as the enlargements occur The body 
of the patient is divided into a number of sections as shown m figures 
1 and 2 These sections are irradiated, usually m regular sequence 
with less than an erythema dose When beginmng the irradiation 
Pancoast and Pendergrass give one-third of an erythema dose daily for 
a week imtil it is determined whether the patient will have a reaction 
The importance of the mild trial doses in the first days of treatment 
should be emphasized The writer has known of several severe and 
harmful reactions in those cases m which irradiation was begun too 
vigorously, and many are reported in the literature If the patient 
gives no reaction two-thirds of an erythema dose is given daily. 

The factors used at tins clinic are skin target distance 18 inches, a 
filter of 5 mm of aluminum, portal approximately 12 inches One- 
third of an erj'^thema dose is given over Portal 1 for three consecutive 
days Portal 2 is then treated with one-tliird of an erythema dose for 
three consecutive days If at this point the patient has no reaction, 
Portals 3 and 4 are treated, with one-third of an erythema dose over 
each portal for three consecutive days Portals 5 and 6 are then 
treated as are Portals 3 and 4 Then Portals 7 and 8 are given the 
same treatment as Portals 5 and 6 This treatment takes approxi- 
mately three weeks Blood counts are taken once a week If the 
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two senes are given over the bones the spleen is treated It is divided 
into 4-inch squares and two-thirds of an erythema dose is applied to 
a given area each day Complete blood counts are still taken once 
a week If, after irradiation of the spleen, the blood count is still 
elevated the bones are treated agam, provided 21 days have inter- 
vened since Portal 1 was irradiated The treatment is contmued until 
all of the myelocytes have disappeared, even if it causes the blood 
coimt to fall as low as 4000 white blood cells per cu mm 

In prepanng a given area one fixed pomt for takmg measurements 
on each leg is the external malleolus, and all descriptions of areas are 
taken from this point, e g Portal 1 extends from 6 inches above each 
external malleolus and includes both feet. Portal 2 extends from 8 
inches above each external malleolus to 20 inches above the external 
malleolus includmg both knees, etc In arriving at a given area 
Pancoast and Pendergrass allow 2 inches between each area to prevent 
overlapping, the adjacent area or portal bemg protected by ^ inch 
of lead and the other parts of the body by lead rubber 

The number of areas over the spleen depends on its size Irradia- 
tion should start on the lower edge of the spleen because when shrink- 
ing occurs it is hard to tell what part of the spleen has already been 
irradiated When the white blood count becomes low, daily blood 
counts should be made and the patient carefully observed In cases 
which have become resistant to the usual technique. Pancoast and 
Pendergrass find that a change to deep therapy (shorter wave length 
radiation) again causes the desired improvement, and, similarly, after 
this method begms to fail, radium application will give further benefit 
They emphasize that in treatment over the bones the rays are directed 
toward the ends of the bones rather than the shafts, because most of 
the red bone marrow is located m the ends of the bones and the shafts 
are comparatively poor m red marrow This is a point well taken, 
for it has been found m reviewmg technique that some outline their 
portals of irradiation over the shafts of the bones rather than the 
extremities 

h. Lymphatic leukemia In lymphatic leukemia they direct treat- 
ment toward irradiation of the palpable glandular areas and the retro- 
peritoneal glands which cannot be felt Blood counts are taken daily 
The patient receives treatment over one area each day, the dosage 
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being one-third of an erythema dose If there is not too much effect 
on the polymorphonuclear leucocytes after the patient has been 
treated one week, the areas are increased to two a day Usually the 
glands decrease m size but the enlargement does not entirely disappear 
If they do not decrease in size and there is no comadent drop of poly- 
morphonuclear leucocytes the dosage is mcreased to two-thirds of an 
erythema dose As soon as the polymorphonudears begm to drop in 
number, treatment is discontmued and transfusion of blood is given 
The entire procedure is an attempt to get the maximum effect on the 
glandular areas and the blood count without lowermg the patient’s 
resistance In patients m good general condition who have isolated 
glandular enlargements with satisfactory blood counts the treatment 
IS often vaned so that the isolated areas are treated as mdicated 

The factors of an erythema dose are 

1 9| inch distance 

2 Filter S mm aluminum 

3 Voltage 120,000 

4 MiUiamperes S 

5 Tune 11 mmutes 

6 Broad focus Coohdge tube 

In lymphatic leukemia also. Pancoast and Pendergrass sometimes 
advise high voltage therapy or radium when the ordinary techmque 
gives no results In daily blood counts they keep special watch on 
the pol}miorphonuclcar leucocytes If the polymorphonuclear cells 
drop, they advise blood transfusion Transfusion has seemed to them 
to cause a stimulative action on the bone marrow, increasmg the 
polymoiphonuclears and thereby the patient’s resistance They 
consider a contmued fall m the red blood cells a bad sign, and recom- 
mend transfusion and mterruption of the x-ray treatments for a 
penod 

c Alcuhcimc lymphoma This unusual type of general glandular 
enlargement shows the appearances of the glandular enlargement seen 
in leukemia but there are no blood manifestations like those of leukemia 
Pancoast and Pendergrass advise extreme care m treating by irradia- 
tion and believe that one should never undertake such therapy until 
every other method has failed The techmque is very much hke that 
for m>elogenous leukemia However, very much smaller doses, iV 
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to I of an erythema dose, are used Blood counts should be made 
before each treatment and 24 hours after treatment Only two 
areas are irradiated during a week The indication for discontmuing 
treatment is the rapid fall of the white blood cells, particularly the 
polymorphonuclear leucocytes 

Z Radtum technique in use at the Mayo Clinic, Rochester, 

Minnesota 

The reader is referred to the article by Boiving (1923) for exact tech- 
nical details At the time of publication, radium had been used in 
the Mayo clime m the treatment of about 60 cases Bowing considers 
the methods described as safe and conservative A tube containing 
50 mgm of radium element or one of 50 imllicuries of the emanation 
are thought to be equally effective. One or two tubes are used in a 
single apphcation Exact details of the filters used are given in the 
article A photostat copy of the areas irradiated is appended See 
figures 3 and 4 He considers the superficial glandular enlargements 
as the most characteristic tumors in lymphatic leukeima Radium 
is applied for not more than 24 hours at one time, the usual duration 
of each exposure being three hours The areas treated are as a rule 
two each in the right and in the left cervical region, one in each 
axillary region, and one in each ingumal region, thus making a total 
of eight areas of irradiation If, however, the spleen is enlarged, one 
application only is made to each cervical region and two areas over 
the spleen are treated, a total of eight. The aim is to irradiate the 
bulk of each tumor The usual interval between treatments is seven 
days Radium is reapplied if the blood examination on the fifth or 
sixth day followmg the last exposure is found to be satisfactory. He 
states that the number of treatments in the one series varies from two 
to four, that the time interval between the senes varies from six to 
eight weeks, and that the number of subsequent series depends upon 
the response and its duration The patient is up and about between 
treatments but stays in bed during the exposure To prevent irradia- 
tion of healthy parts he is cautioned to inchne his head towards the 
opposite side when the appheator is in the cervical region, to keep the 
arm extended when it is in the axillary region, and not to flex the leg 
on the body when it is in the inguinal space. Bowing notes the in- 
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tcresting observation that reduction m the size of distant glandular 
masses not irradiated occurs as soon as the irradiated tumors begin to 



Flo 3 Of in chrome tn>cloc>Uc Icukcmui the bones are exposed to The 

rectangular spaces filled in Tvith fine lines indicate Uic sire, location, and number of ports 
ol entry 6, the splenic cnlargcmcnl is indicated by the broken Unt and llic small squares 
show the location of the ndium applicator The number of areas \ar5 from four to six, 
depending on the siic of Uic spleen (rrom Bov-mg, 1923 ) 

reduce Tendergrass (personal communication) commonly sees tlie 
same phenomena in cases under treatment The tuo most important 
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items m determining the amoimt of treatment are the blood count and 
the general condition of the patient. The same factors largely decide 
the time for the next series of treatments 



Fig 4 The superficial glandular masses occurrmg m the chronic lymphatic leukemia 
are represented by the sohd black areas and the dotted areas m the right and left axilla 
The small squares show the number and location of the radium appbcator One appli- 
cator IS apphed at a time and changed as recommended (From Bowmg, 1923 ) 

3. Technique of irradtahon for leukemia, from the College of Physicians 
and Surgeons, Columbia University, and the Presbyterian 
Hospital, New York 

The reader is referred to the article by McAlpin and Sanger (1924) 
for details of dosage, filters used, duration of exposures, etc They 
consider it wise to reduce the treatment when the leucoc 3 d;e count 
contmues to go down They believe that the effect of irradiation is 
cumulative Irradiation is stopped for a week when a count of 50,000 
leucocytes is reached after a steady fall from about 200,000 This is 
an arbitrary figure and there is no infalhble rule as to how low the 
count should be A leucocyte count should always be made before 



TREATiCENX OF LYMPKiVTIC IXUUEJIIAS 


95 


treatment They question whether further reduction should be 
attempted after a count of 20,000 is reached They believe that 
patients do well with a count of 10,000 or lower but think that these 
figures should be attained only after several months of treatment 
By irradiation at intervals of four to six weeks the patient can often 
be kept in good condition and free from a recurrence As recom- 
mended by others, McAlpin and Sanger emphasize careful study of 
the red blood cells as a gmde to the papent’s condition They men- 
tion briefly two cases apparently injured by irradiation In the 
one the red blood cells fell to a count of a xmlhon and the hemoglobin 
to 20 per cent some time after irradiapon had been stopped This 
they thought due to the cumulative effect of the treatment Im- 
provement occurred after blood transfusions Cunously enough the 
paPent lost all signs of her disease and seemed to be perfectly well 
when last seen about two years later 

The other patient, a young man with lymphoid leukemia, was 
treated over the much enlarged nodes of the neck and axillae These 
masses pracpcally disappeared The leucocytes fell from over 100,000 
to under 10,000 He seemed perfectly well and did not return for 
treatment for over a year At that time his leucocytes were 112,000 
and the lymphoid masses w ere again large He w as given 3 treatments 
in 10 days with a drop in the leucocytes to 6,000 Two weeks later 
he was readmitted ivith the symptoms of thrombocytopenic purpura, 
and a blood platelet count of 10,000 He died 8 days after admission 
The hfe of a blood platelet has been thought to be about 10 days 
Patients who have received such an overdosage of rays do not begin 
to bleed, as a rule, unPl this interval has passed and the new crop of 
platelets which should be thrown into the blood stream is lacking 
because of damage to the bone marrow 

Tcchmqtte of trradtalton tn Eodgltn’s disease, from the Jlcavard A Kelly 
Hospital, Baltimore 

The technique of irradiaPon both by radium and the x-ray in 
Hodgkin’s disease has been fullj described by Burnam (1926) The 
reader is referred to his article for details of dosage, filters, etc He 
calls attention to the variable and wide susceptibility to radium of 
patients who have Hodgkin’s disease Cellular Hodgkin’s responds 
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more rapidly than the sclerotic type Burnam begms with small 
dosage and proceeds with care m increasing it The localized type of 
disease may be treated more vigorously than the widespread t 3 ^e 
Only the actual determinable sites of the disease are irradiated as a 
rule If, however, the patient’s symptoms do not improve after 
irradiation of evident masses, the deep abdoimnal glands are treated 
The bones are not irradiated He says that it might be helpful to 
irradiate at intervals patients apparently well in an effort to prevent 
recurrence He beheves that a sufficient amount of radium is essential 
Probably 500 mgm is a minimum when mediastinal and abdominal 
treatments are given 

The reader is referred for further details of the treatment of lym- 
phomata by radium to the articles by Ordway (1916, 1917), Ordway 
and Gorham (1920), Peabody (1917), Levin (1917, 1919, 1922), 
Renon and Degrais (1921), Renon, Degrais and Tournemelle (1914), 
Oppenheimer (1921), Stern (1922), Gulland (1921), Henriques and 
Wenville (1922-23), B6cl^re and Beclere (1913-14), Elliot (1918), and 
Wliitcher (1922). 
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Introduction 

DEFINITION OF EPILEPSY 

Epilepsy in the Greek means “I seize,” or “seizure ” Most authors 
of the present accept the hteral meaning of the word and think of 
“epilepsy” as “seizure ” i e , as a symptom rather than as a disease 
entity. For the present discussion, we define it as a s3aidrome char- 
acterized by the sudden appearance of paroxysms, of which convulsive 
movements or loss of consciousness or both, are a principal element 
Many writers have segregated patients who present no significant 
abnormahty on physical examination, and whose seizures, therefore, 
are presumably due to an inherent tendency to react with convulsions, 
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into a group labeled “Essential” or “Idiopathic ” Because it seems 
probable that all patients having seizures from whatever apparent 
cause possess this susceptibihty to seizures in some degree, and 
because we have no means of determimng whether it forms 10 or 90 
per cent of the total influences making for seizures, the dinical use 
of such a term as “essential” only obscures the issue, making discovery 
of the underlying cause or causes more difEcult Some disturbance 
of the brain exists in all cases in which seizures occur Epilepsia 
sme matena is a dead expression (Laignel-Lavastine and Voisin, 
1925) It would, perhaps, be better to drop the term “epilepsy” and 
speak simply of “paroxysmal disorders” or of “the convulsive states ” 
Because of usage and for the sake of brevity, we shall use the term 
“epilepsy ” It will be evident, however, that many of the authors, 
whose observations we shall quote, regard epilepsy as a disease entity 

CONDITIONS soiiethies associated with seizures 

First in importance stand diseases in which there is structural de- 
rangement of the central nervous system, a list of which is given m 
the section dealing with pathology of the nervous tissue Other 
disorders are hysteria, conditions associated with the blood and cir- 
culation, as syncope, Stokes Adams disease, paroxysmal tachycardia, 
polycythemia and sudden anemia, and many other conditions of more 
or less recognized etiology, eclampsia, tetany, fevers and many irri- 
tative conditions in childhood 

SCOPE OF PAPER 

Affliction ivith seizures is an ancient and a widespread condition 
In the United States, if we may accept for the whole population the 
incidence among drafted men, something less than 500,000 persons arc 
subject to “epilepsy,” — Davenport (1923) The lot of these persons 
IS a difficult one The care of those who need it constitutes a heavy 
charge on families or communities, their treatment is oftentimes no 
more rational than was given in the dark ages and beyond 
The investigation of epilepsy has not kept pace with that of many 
other medical conditions As a prclimmary to a study' of the question, 
it IS essential that there should be a survey of our present knowledge 
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We should be in. possession of aH the facts, positive and negative, 
concerning the bodies and minds of persons subject to convulsions. 
It is evident that in any such survey the attempt must be made to 
segregate fact from fancy and objective description from speculation. 
Explanations of unseen things there must be, but such deductions 
must, if possible, be based on evidence 
Under the heading “Epilepsy” the mdex catalogue of the Surgeon 
General’s ofl&ce (1925) contains approximately 3000 titles. Gruhle 
(1923) in his uncritical review of the literature from 1910 to 1920, 
mentions 1000 articles. It is mamfestly impossible to discuss here 
the whole subject of epilepsy. We shall confine ourselves to the 
presentation of evidence which rday throw light on the mechanism 
involved in seizures, and on the cause and treatment. As a further 
limitation in presenting e'vidence from chmcal sources, we shall be 
concerned largely with patients whose seizures are of unknown origin 
Authoritative discussions of the subject of classification as well as 
of certain aspects which are outside the scope of this paper will be 
found in books and in articles by the following authors; Campbell 
(1917), Kraepelin (1919), Redhch (1919), Frisch (1921), and Wilson 
(1926). 


Neurological Considerations 

LOCALIZATION THEORIES 

There has always been much speculation as to the locus of origm 
of the epileptic attack The early stimulation work of Fritsch and 
Hitzig (1870) and others, turned the attention of investigators to the 
motor area of the cerebral cortex, but with further analysis the symp- 
tomatology seemed too complex to be explainable on the grounds of 
simple cortical stimulation Fischer and Leyser (1924) divide the 
investigators into two schools those who hold to a purely cortical 
origin for the convulsions, and those who believe that the seat of the 
clonic phase is in the cortex and of the tonic phase in the basal gangha 
Dandy (1927b) on the basis of 6 eiqiernnents on dogs beheves that 
clonic convulsions can originate only in the motor cortex. This does 
not agree with the observations of Uyematsu and Cobb (1922) or of 
Foerster (1926) who have seen convulsions in the hind limbs of spinal 
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animals Ziehen (1890) beUeved m the cortical origm of clonic fits, 
and the subcortical origin of tonic phenomena, Rothmann (1912), 
Bmswanger (1922) and others agree with this schematization Musk- 
ens (1926) always sees myoclonus as the basis of attacks Krisch 
(1924) on the other hand, sees m the epileptic motor attack a stormy 
and sudden disturbance of the same tract systems that are more 
chronically disturbed in dystonia In other words he looks on epilepsy 
as an extra-pyramidal syndrome Again, there are those who beheve 
that epileptic seizures ongmate m the medulla, m fact almost every 
division of the brain has at some time been held responsible 
A review of the literature and climcal observation, however, give 
one the impression that all this localizing is too schematic Certain 
patients having repeated, stereotyped fits do appear to have a focal 
ongin for their attacks But, as we point out later, the observation 
of a convulsion is a most difficult thing and if an observer is interested 
in “medullary symptoms” he cannot at the same time closely watch 
the “cortical” and “stnatal” phenomena Thus the descriptions of 
attacks may be biased, and one phase of the symptomatology em- 
phasized at the expense of another On the whole, one is inclined to 
agree with Fischer and Leyscr (1924) that too much anatomical 
schematization is unjustified Fits can be set off by stimulation, 
or by disturbances such as anemia, of vanous parts of the central 
nervous system, and convulsions may occur after removal of the 
cortex and even in the isolated cord Thus one must return to the 
more general conceptions of etiology and consider a focal lesion as 
the cause only when it is obnously indicated by the symptomatology 
and pathology 

NEUROLOGICAL MECHANISMS OF CONVULSIONS 

The trrttalwn theory 

Much has been wntten on the physiology of convulsions Expen- 
mental stimulation of the motor cortex gave impetus to the idea that 
convulsions always ongmate from irntation of the cortex. Smee it 
IS demonstrable that irritation of the motor area can cause focal con- 
vulsions, it IS reasonable to suppose that imtation of other areas, 
by spreading to the motor area, can cause an overwhelming motor 
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discharge externalized as a general convulsion This conception still 
has many adherents and is supported by both experimental and chmcal 
evidence In the first place Sherrington (1925) and others have 
elicited both focal and general con'vulsions by electrical stimulation 
of the motor cortex of animals A weak stimulus causes a normal 
movement appropriate to the cortical area stimulated Repeated 
kimuli cause focal con'vulsion of the affected muscle group, stronger 
stimulation causes first focal and then generalized coninilsion The 
question arises — is this convulsive movement due to irritation; i e , 
to excessive stimulation, or is it due to temporary fimctional destruc- 
tion of the motor nerve cells? C. and O. Vogt (1922) have shown that 
electrical stimulation of the cortex causes marked chromatolysis in the 
nerve cells, and this helps to support the theory that excessive stimu- 
lation may act by inhibiting motor discharge rather than by causmg 
excessive discharge. 

In order to comprehend the cerebral efferent mechanism, it is im- 
portant to realize that the motor cortex is “motor” only in a broad 
sense It is rather sensori-motor as indicated by the experiments of 
Dusser de Barenne (1924) and others, for upon this region of the cortex 
converge many association pathways from the various sensory re- 
ceiving stations These set up appropriate efferent responses Thus 
the motor area is really a terminal nodal point from which highly 
integrated influences finally travel to the ventral horn cells of the 
cord. The only way m which we can express ourselves is by muscular 
contraction, so the extraordmarily complex associative mechanism of 
the cerebral cortex must have an outlet to the muscular mechanism. 
The first and most complex stage of this efferent system is the motor 
cortex which receives and organizes the stimuli, thus initiating spe- 
cialized voluntary motion “Voluntary” here means “most highly 
integrated,” that is to say — long delayed stimuli stored as memory, 
as training or as experience may condition the reflex response to any 
immediate stimulus Elaborate reflexes are coordinated at this level, 
but efferent discharges are transformed into motor actmty only at 
the lowest level where peripheral neuron stimulates muscle Before 
this takes place other lower and more pnmitive centers add their 
influence to make the cortical influences effective. Schematically it 
may be said that the postural and tonic centers of the basal ganglia. 
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mid-bram and medulla give the basis from which to start volun- 
tary movement, postural influences hold the body erect, appro- 
priately placed m respect to the center of gravity, allowmg such 
motor activity as walking without waste of consciohs effort The 
cerebellum coordmates these two — the voluntary from above and 
automatic from below It takes the body as it finds it at any instant 
and mterprets in an effective and orderly way the orders from the cor- 
tical headquarters In Babmski's (1900) phrase — the cerebellum 
synergizes Lastly the ventral horn cells of the cord deliver to the 
muscles the coordinated impulses The complications of this process 
are so great as to be well nigh incomprehensible A simple reflex, 
such as that of stepping, may involve an intricate maze of connecting 
and cross connecting neurons (Shemngton 1925) But for purposes 
of exposition one may divide the central nervous system into five 
motor levels (see fig 1) (1) cortical (“voluntary”) , (2) basal (auto- 
matic associative, postural), (3) cerebellar (synergic), (4) spinal 
(simple reflex), and (5) neuromuscular (the final common path along 
which all impulses from above must travel to reach the effector organ, 
the musde) 

To return then to the electrically stimulated cortex What happens? 
Does this highest motor level cause a convulsion because it is over- 
stimulated, or because it is thrown out of action altogether and the 
lower centers are freed to act? The former hypothesis is that of Jack- 
son (1873) Stimulation by pathological imtation of a sensory zone 
causes an aura, the discharge spreads with increasmg force to the 
motor area and the convulsion begins Gowers (1881) ably supported 
this discharge theory by clmical evidence His description of a typical 
attack IS still a classic It is quoted verbatim 

"Major Jits At theonsetof the severe fit the spasm is tome m char- 
acter, rigid violent muscular contraction, fixing the lunbs in irregular 
positions There is usually deviation of the eyes and rotation of the 
head towards one side, and this rotation may involve the whole body, 
and sometimes cause the patient to turn round, even two or three 
times The tonic spasm involves the muscles of the chest and ab- 
domen Tlie features are distorted, the face, usually at first pale, 
becomes suffused and then livad, as the chest is fixed and respiratory 
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movements are arrested. The eyes are open or dosed, the conjunc- 
tiva is insensitive, the pupils dilate widely as cyanosis comes on. As 



Fig 1 Diagram or the Various Neuron Levels Which Play uron the Ventral 
Horn Cell {V H. C) and Cause Contraction in the Muscle 
Via the “Final Common Path” (2) 

Afferent impulses may come in from a sense organ and directly effect the ventral hom 
cell by way of the simple reflev arc (I) The cortico-spinal tract (2) sends down highly 
integrated impulse-completes which take precedence over the simpler ones from the 
nucleus ruber {R N) the formatio reticulans {F R) and the nucleus vestibularis (,N 
Vcshb ), which traversej respectively, the rubro-spinal tract {4) the reticulo-spinalj tract 
(5) and the vestibulo-spmal tract (d). But it is the combmaUon of pyramidal (2), evtra- 
pyramidal (4 and 5), vestibular (d) and spmal {1) impulses, all harmomously playing on 
the motor ceU that causes normal synergic movement 


the spasm continues, it commonly changes in its relative intensity in 
different parts, so that slight changes in the position of the strained 
limbs occur. Presently, when the cyanosis has become intense, the 
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fixed tetanic contractions of the musdes can be felt to be vibratory, 
and the vibrations increase to slight visible remissions As these re- 
missions become deeper, the muscular contractions become more 
shockliLe m character, and the stage of dome spasm is reached, m 
which the limbs, head, face, jaw, and tnmL are jerked with violence 
In the resulting movement of the chest, air is expelled from the thorax, 
and bloody sahva is frothed out between the bps The air entermg 
the lungs is at first insufficient to lessen the hvidity, and the patient 
may seem to be at the point of death But as the mtervals between 
the shocks of spasm lengthen, and the remissions become greater, 
more breath enters the chest, and the hvidity lessens In becoming 
less frequent the muscular contractions do not become less strong, and 
the last jerk is often as violent as those which have preceded it At 
last the spasm is at an end, and the patient lies senseless and prostrate, 
and usually sleeps heavily for a time, and then can be roused Urine 
frequently, and faeces occasionally, are passed in the fit ” 

This paragraph vividly portrays the mam events of a seizure Of 
speaal interest is Gowers’ physiological understandmg of “tonic” 
spasm as really “tetanic,” becommg “clonic” through discontinuity 
rather than by any essential change in level of innervation Physio- 
logical proof of the correctness of this view was brought forward 44 
years later by Cobb (1924) whose electromyographic studies of experi- 
mental convulsions show that both the sustained steady contractions 
of the “tonic phase” and the mterrupted recurrent contractions of 
the “clonic” phase are tetanic, both being accompanied by rapidly 
alternating action-currents in the affected muscles 

This description, and the elaboration of it in the foUoiving pages 
of Gowers’ book, as well as one’s own chnical experience, do not cor- 
roborate the view that attacks follow a regular sequence of ev'cnts af- 
fecting first the higher and then the loner centers Gon ers desenbes 
various postures of arms, hands, legs and trunk, sometimes flexion, 
sometimes extension Clinical observation shows that the most 
common tetanic posture is extension of legs and trunk with flexion of 
arms and carpopedal position of the hands, this cannot he said, how- 
ever, to be a rule One feels that those authors are too schematic 
who describe the spread of the convulsions down along the ncuraxis, 
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affecting each level in turn — cortical, basal, bulbar and spinal. Ac- 
curate observation of a convulsion is difficult The recent slow mov- 
ing picture technique has been most useful Of special mterest are 
the pictures shown by Stenvers (1925) demonstrating that the move- 
ments in a convulsion are not meaningless myoclonic phenomena, 
but are integrated movements This observation corroborates once 
more the observations of Gowers (1881, p 72) who in speaking of the 
muscles involved in a convulsion says “The association is of the 
movements not necessarily of the muscles ” All this points towards 
cortical discharge as the source of the convulsion for it is the cortex 
that innervates movements as opposed to the segmental innervation of 
muscles in the bulb and cord. Furthermore, there are the wellknown 
cases (one of them quoted by Gowers (1881)) in which hemiplegia 
occurring m a chronic epileptic patient results in cessation of the fits 
on the paralized side The supposition is that a lesion in the internal 
capsule cuts off the cortico-spinal path and thus blocks the downward 
spread of cortical impulses on that side 

Foerster (1926) opens his discussion of the pathophysiology of 
epilepsy by saying: 

“The epileptic attack is nothing more than a special symptom, 
more exactly a syndrome, since it is a very complex phenomenon It 
is a special form of reaction of the central nervous system — a reaction 
to stimulation It is an irritation syndrome, not a release phenom- 
enon as has been long held by different authors, even at present by 
many. Two main arguments speak agamst the theory that the 
epileptic convulsive attack results from the release of individual action 
of nerve centers because of a sudden paralysis of higher inhibitory 
mechanisms In the first place, after the sudden removal of the 
inhibitory mechanisms in man, one does not see immediately the 
positive signs of release In the vast majority of cases these signs 
develop after a distinct interval during which there is a decrease of 
the activity of the lower, released centers as well as of the higher 
inhibiting centers Then the release phenomena appear little by 
little, never cataclysmically as in the epileptic fit It is not 
meant that some release symptoms cannot appear in such a com- 
plex syndrome as that of the convulsive attack, but the greater 
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part of the phenomena cannot be explained by removal of inhibition 
The second argument is that the Faradic current (the very agent by 
which we can most easily and surely ehcit convulsions) is an exquisite 
means of stimulation, the very prototype of active excitation Thus 
the fit does not resemble the horse suddenly freed from control of bit 
and spur by the breaking of the bridle, but rather the horse, which 
until now IS undisturbed, suddenly rears because the spurs are jabbed 
into his flanks ” 


The release theory 

Hughlings Jackson (1873) first suggested that convulsions might be 
a release phenomenon Recently Sargent (1921), Rosett (1923), 
Hartenberg (1926) and others have supported the theory that epilepsy 
IS a release phenomenon ansmg from tnhththon of cerebral centers 
rather than from then excitation Witbn the fast year Martm (1926) 
has summarized this point of view He desenbes a typical fit, notes 
the vanous phenomena that might be considered inhibitory in ongm, 
and says 

“Thus in analyzmg the full epileptic fit I have not found any un- 
equivocal evidence of cortical stimulation, but, on the contrary, m 
the prodromal symptoms, in the unconsaousness, and in the presence 
of an extensor plantar response at the end of the clonic stage I see 
indications of cortical inhibition, the movements of the clonic stage 
maybe explained eitherby cortical or by brain-stem and spmal action, 
but the latter explanation is much more m accordance with the other 
elements of the fit ” 

Before we can discuss the theory that epileptic convulsions are re- 
lease phenomena, arising when the higher centers lose control, we 
should secure a clear understanding of what this “control” really is 
Fulton (1926) in his last chapter discusses m a most illuminating way 
the nature of higher control and offers two diagrams to illustrate the 
salient points brought out m recent investigations In the first 
place, the conception of tlie “final common path” of Sherrington 
(1906) IS essential Sense organs arc contmuously sendmg in stimuh 
of various sorts, each has its own path and carries its own impulses 
for central integration From these integratmg centers se\ eral patli- 
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ways descend to the cord, carr 3 dng their motor, “executant,” impulses 
All eventually reach the ventral horn cell Indeed they must reach 
the ventral horn cell, for in no other way can they effect the muscle 
and externalize their nerve impulses in the form of action Thus 
these spinal cells and their axons (which form the peripheral nerves) 
are iht final common path along which all impulses must pass to reach 
the muscles Wilson (1914) has shown this diagrammatically and 



Fig 2 After Fdlton (1926) A Scheme of Synaftic Connections in a Segment of 
THE Spinal Cord, Designed to Iilldsxeate One Aspect op Cortical 
Control over the Local Proprioceptive Inotbitory Pathways 

Two propnocepiave afferents are introduced into the figure (P E and PI) The 
proprioceptive exator, or "stretch afferent,” passes directly to the antenor horn cell 
The proprioceptive iidubitor passes to an intemuncial neurone About this neurone 
there also terminates a fiber from the pyramidal tract, activity of which causes inhibition 
of the intemuncial neurone When the path to the anterior hom cell, A, is blocked 
through activity of the pyramidal fiber, the impulses set up by P E can then only pass 
up the cord in the postenor column This represents m simplest form the underlying 
mechamsm which would account for “long-circuiting ” 

Abbreviations PJ , a propnoceptive end-organ different from P E but of unspecified 
morphological charactenstics which, on activation, leads mediately to reflex inhibition 
of a umt of tlic final common path through stimulation of an intemuncial inhibitory 
neurone P E , a propnoceptive exatatory end-organ which, on activity, leads to direct 
excitation of A E , an axon termination which, vihen in activity causes excitation of a 
contiguous neurone J , an axon termination which, when in activity, causes inhibition 
of a contiguous neurone A , an antenor hom cell of the final common path Pyr , 
pyramidal tract Spino-Ccrch , fibres passing to the direct spino-cerebellar tract M , 
skeletal muscle fiber 
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many authors have smce elaborated his scheme (see fig 1) It is 
obvious that all impulses reachmg the cord must be coordinated by 
some mechanism m order that the muscles shall respond m an orderly 
and effective way Just such a mechanism is given us by Fulton 
(1926) whose figure 204 is here reproduced (fig 2) Physiologically 
such a diagram is well sustained, and there is also a certain^amount of 
anatormcal evidence upholdmg Fulton’s postulates 
A study of these two figures shows that higher control of the final 
common path must come from a dehcate balancmg of excitatory and 
mhibitory stimuli In Fulton’s own words 
“It may be taken, therefore, as an adequate generalization that the 
full dommance of the highest levels of the bram is made possible 
through power to exate and to inhibit activity of lower centers ’’ 
Figure 1 shows how cortico-spmal, rubro-spinal, reticulo-spmal 
and vestibulo-spinal influences* all impmge on the final common path 
For simphaty let us discuss the cortico-spmal and vestibulo-spmal 
influences only, as typifying the usual conception of “voluntary” and 
of "tonic” impulses We have thus three mam sources of energy 
(1) From the afferent paths, which reach the dorsal roots and cross 
to the ventral horn cells, these may be conveniently divided mto those 
subscrvmg the exteroccptors — such as touch and pam (nociceptive) 
and those subserving proprioceptors — such as muscle and jomt sense 
organs (2) Fromtheafferentpathswhichreachthevcstibularnuclei 
directly and via the dorsal longitudmal fasaculi (3) From the vast 
complex of assoaation paths, origmating in cortical receirnng stations 
and converging on the pre-central area of the cortex, these set up 
impulses in the cortico-spmal path Both inhibitory and cxatatoiy 
influences can come over any of these routes Figure 2 shows how 
myotatic reflexes can give tonic responses at tlie spinal level, and 
how they can be suppressed by nociceptive stimuli coming in from the 
exteroccptors of the skin A similar process, but m enormous com- 
plexity, evidently goes on at all the higher levels Essential to the 
whole process of integration is the fact that at the spinal level there 
IS a blocking mechanism which may prevent immediate reflex action, 

* Recent « or! bv Rapez (IMS) and Morgan (1927) shows that the ruhro sp'nal path 
18 leas important, while the aesUbulo 'pinat and the reUculo-spinal paths are more im- 
portant, for motor integration 
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and which may divert impulses up the cord to higher centers This 
mechanism Fulton (1926) aptly calls “long-circuiting/' and says* 

‘Tt is obvious that the process of long-circuiting of impulses up the 
cord is of fundamental importance for the integrative processes occur- 
ring in the higher centers. It would appear, moreover, that so long 
as a given controlling higher center is present, the majority of afferent 
impulses are long-circuited in this way. When, however, the higher 
centers are cut away, the majority of impulses pursue the phylogeneti- 
cally older paths across the cord.” 

This is a conception with many interesting imphcations relative to 
explosive cerebral phenomena, such as fits. Long-circuiiing in itself 
leads to delayed action, gives higher integration and causes stimula- 
tion of many more association paths than does direct spmal reflex 
action This process of spread is essential for coordination Its 
acme is found in the cerebral cortex where stimuli arriving at one 
receiving station (e.g , the visual “center”) spread in innumerable 
directions to many other cortical areas, awakening associations, 
habitual responses, memories, etc This causes a delay in response, 
clearly a most useful mental process, for while the delay lasts the 
spreading impulses are allowing the past experience of the individual 
to effect his behavior, this activity of the association paths may be 
the essence of “mind.” Long-circuiting, though it causes delayed 
action and prevents impulsive behavior, is probably not true inhibition 
for it involves the whole complexity of cerebral activity (Cobb, 1928). 
The term inhibition should be saved rather for the simpler physio- 
logical processes taking place, for example in or about the ventral 
horn cells of the cord, as indicated in the diagrams of Fulton here 
reproduced, and in those of Sherrington (1925), Forbes (1922) and 
Lucas (1917). 

The impulses descending along the cortico-spinal tract traverse the 
synapses associated with the ventral horn cells or their intemuncial 
neurones These impulses lead to excitation or inhibition according 
to laws as yet unknown Impulses descend the rubro-spmal tract 
(see fig 1) which likewise has varied endings, and their influence may 
be either excitatory or inhibitory. The spinal mechanism is undoubt- 
edly similar. The whole mtricate mechamsm depends upon integra- 
tion and it is evident that no such simple formula as the “removal 
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of cortical inhibition” can explain m their entirety the varied phe- 
nomena of decerebrate ngidity There is certainly a release of lower 
centers when higher centers are destroyed, but this is not a release 
from simple inhibition, it is release from a great complex of influences, 
and IS different for each animal, since each species vanes in the amount 
and type of its “long-circuiting For example, a decerebrate man 
lies with legs extended and arms partly flexed , a decerebrate cat stands 
with all four limbs extended, tail and head raised, a decerebrate sloth 
takes its clasping, pendant posture (Richter and Bartemeier, 1926) 
and a decerebrate frog squats with legs flexed 

With these conceptions of higher control in mind, it is interestmg to 
consider the theory which looks upon fits as release phenomena, 
holding that convulsions arise not from stimulation or irritation, but 
from temporary suspension of the functions of each level, m sequence 
from above downward, this allows the lower centers to act m an un- 
controlled nay, and thus explosively and excessively by convulsion 
Certain authors thus look on a fit as an acute temporary decerebra- 
tion, and describe how suspension of cortical function may release 
the striatum, the mid-brain or the cerebellum to cause fits, and how 
these in turn bemg hors de combat allow the medulla and cord to pro- 
duce their simpler and more lowly forms of fit For example, Yakov- 
lev (personal communication) tells of a patient who repeatedly has 
the following epileptic seizure wlule sitting m a chair he suddenly 
looks blank and becomes unconsaous of his surroundings, next he 
straightens out ngidly, falls, and goes through dystonic and athetoid 
movements, then clonic movements take place for a fen seconds, 
finally stupor supervenes with involuntary nuctuntion This is ex- 
plained as illustrating in sequence (1) decortication (absence), (2) 
decerebration (rigidity, athetosis, clonus), (3) isolation of bulb and 
cord (stupor and loss of sphincter control) Gordon (1928) desenbes 
an unique case where a boy was taken with a fit dunng a dictation 
exercise He wrote twelve words of most interesting “jargon agra- 

• *XncephalizaUon" is cssentiaU> *noag-arcuiting'* — Uic more the function i5 taken up 

the Iwgbtr ctnltte kn hram, the mote impulses must be di\ cried up the cord bj long> 
arculung mcchanisma The conception of long-arcuiUng, <lcIa>cU response and cn 
cephahration would seem, then, to be fundamental for the understanding of mtelligent 
bchav jor and cspcaaUy abstraction 
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phia” before he fell over unconscious. Gordon beheves that this 
illustrates the true nature of an epileptiform fit as a release from 
higher cortical control 

Martin (1926) was quoted above as an exponent of the release 
theory. His paper is based on clinical observation and explains well 
the phenomena enumerated But it is the teceptions that test the 
rule, and atypical as well as t3rpical convulsions have to be explained. 
For example, he describes the common prodromal apathy as an indi- 
cation of cortical inhibition, stating that it “may be taken as a general 
rule that epileptics will not have a fit during a penod of intense mental 
activity or of enthusiasm ” This hardly holds, for m any large senes 
of cases some are found who have periods of elation preceding their 
attacks, or who have attacks in the midst of exatement or athletic 
activity. 

In discussing the clonic movements of the legs, Martin descnbes 
them as spinal reflexes hke the “walking reflexes” of a decerebrate 
animal. This is obviously a reasonable analogy, but one cannot agree 
when he states that “this reflex can only be elicited when the cortical 
control over spinal centers is removed ” It is a daily expenence with 
all mammals that their walking reflexes function perfectly while their 
cortical centers are active. One surely cannot argue that, because 
rhythmic progressive movements are being carried on by the legs, the 
cortex is inhibited Martm proves his point that it is unnecessary to 
involve cortical activity to explain dome movements, but it would 
appear to be equally unnecessary to involve cortical inhibition. 

Another argument brought forward by this author is that exhaus- 
tion of the cortical cells caimot explam the post-convulsive appearance 
of Babmski’s sign because of the “fact that a second and equally 
strong fit may occur mthin a few minutes ” He beheves that so 
quick a recovery of the cortical cells is unlikely. Common expenences 
with chloroform and mtrous oxide anesthesia, or with sleep, would 
seem to show that suppression of the cortical cells is quickly brought 
about and quickly removed Pavlov’s (1925) experiments on m- 
hibition and tlie causation of sleep support the supposition that corti- 
cal inhibition may be rapidly transitory Moreover, experiments on 
other organs indicate that with return of normal drculation the prod- 
ucts of even great fatigue are quickly earned away. 
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Better evidence for cortical inhibition is the observation of Yakovlev 
(personal communication) that m some mmor attacks, where fatigue 
of the motor cells seems an unreasonable postulate, the Babmski sign 
may be ebcited almost at the beginning of the attack And he adds 
with good reason that all we know of the sign of Babmski indicates 
that It is evidence of interference with the cortico-spinal tract, not 
stimulation of it 

Martin also explams post-epileptic automatism as an imperfect 
recovery from cortical inhibition, the motor functions having re- 
covered and the psychic bemg still partially in abeyance A per- 
fectly ^ood explanation, but perhaps not as satisfying m cases of 
psychic “equivalent” as a theory of exatation For in these cases 
the motor functions may never be disturbed, the symptoms being en- 
tirely at the psychologcal level He also refers to the umformity of 
the seizure as an argument against the theory of cortical stimulation, 
saying “Though there are some variations the elements of the attack 
are the same and their sequence is the same m nearly all cases ” With 
this statement one cannot reconcile one’s clmical expenence, epileptic 
attacks are among the most vanable and bizarre of neurological phe- 
nomena Indeed though Martm’s observations may be taken as evi- 
dence for cortical inhibition, one cannot agree that he has assembled 
enough facts, nor by those facts put forward does one feel forced to 
accept lus conclusions 

These schemata arc helpful in explaining many phenomena, and 
Jackson’s conception of release is one of the most valuable m neu- 
rology, but such formulations do not, m the wnters' opmion, explain 
convulsions Such a theory is too orderly and depends too much on 
the idea that the central nervous system, like a telephone exchange, 
IS made up of reflex arcs and levels If dccerebration by sudden anae- 
mia, emotion, shock, or inhibition causes a fit, why are not all slates 
of unconsaousness ushered in by convulsions’ We do not have a 
fit every night as ne fall asleep Patients mth epilepsy “going under” 
an anesthetic only rarely have convulsions Moreover, tlus theory 
presupposes that the “motor” area of the cortex is largely inhibitory 
Pulton's theory, quoted above, indicates that both exatation and 
inhibition occur at all levels of integration Cooper and Denny- 
Brown (1927) have recently shown this experimentally in cortical 
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stimulation they infer that excitatory and inhibitory umts lie micro- 
scopically intermingled in the cortex and that the epileptic discharge 
may be one of the signs of conflict of summated excitation and in- 
hibition. Pavlov (1927) looks on the cortex as a mosaic of excitatory 
and inhibitory spots. Thus the best physiological evidence argues 
against the possibihty of either a pure excitation or pure inhibitory 
release 

The short ctrmtt theory 

There is a body of facts which points to the conclusion that any 
thing which reduces the complexity of the cerebral associative mecha- 
nism may lead to convulsions Thus the simplified reflex arcs do not 
benefit by the delaymg effect of elaboration, and allow explosive motor 
discharges to escape. Trauma with ghosis, wide-spread hemorrhage < 
or inflammaCtion, aplasia with microcephalus might have such an 
effect on conduction This theory obviously is akin to that of release 
just discussed, for short circuiting is a kind of release In the elec- 
trical analogy, the current avoids resistance by taking a new and 
shorter path, the short circuit. “Release” would in this case be sym- 
bolized by removal of the resistance coil The main difference be- 
tween the release and short arcuit theories is that in release we think 
of removal or inhibition of a large functional unit of the central ner- 
vous system (cortex, striatum, mid-brain), whereas in the short 
circuit conception, any small or large portion of nerve-conduction 
arc may be undermined and “short circuited ” This theory would 
explain great variation in symptomatology and perhaps the fact 
that there seems to be no sharp distinction between the obviously 
organic focal epilepsy and the “idiopathic” epilepsy. We find focal 
lesions causing focal convulsions, or focal convulsions spreading to 
become general convulsions We may have diffuse lesions causing 
general convulsions or somewhat focal (though variable) convulsions. 
Moreover, we may have convulsions with no discoverable lesion 

The fact that Frazier and Ingham (1920) found that wounds of the 
parietal region caused convulsions more frequently than those of other 
parts of the cortex is interesting in view of Southard's theory of “epi- 
leptogenic foa” — areas in the cortex where lesions with gliosis have 
cut off association tracts and caused abnormally simplified reflex 
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arcs Over these simple arcs it is conceivable that uncontrolled dis- 
charges may pass too easily, causing epileptic phenomena In South- 
ard’s ovTi words (1908) 

“A reduction or srmphfication of the system through destruction 
of the smaller elements of the cerebral cortex procures neiv reflex 
arcs with fresh surfaces of separation which are perhaps even simpler 
and more automatic than the spmal arcs and synapses The peculiar 
features of the epileptic discliarge depend upon the inertia of currents 
travelhng in simplified arcs, and upon the lack of energy-absorbents 
en route The cerebral arcs normally escape automatism through a 
multitude of s 3 maptic connections, under epileptic conditions the cere- 
bral mechanism approaches in fatality the spinal mechanism ” 

"The phenomenon of epilepsy, in short, requires the intactness and 
even the normality of some n ell-defined route from stimulus to 
muscles ’’ 

“Destruction of elements at any point in the route should at first 
sight exclude the production of epilepsy And so, in most cases, the 
destruction of the afferent paths will exclude epilepsy In the afferent 
paths, however, the very process of destruction often constructs new 
and potent surfaces of stimulation which act as epileptogenic foci, 
and, in the cerebral synaptic tissue, the strata are so constructed that 
the loss of smaller, central, modifjnng, and mhibitorj' elements is 
effected pnor to the loss of the major elements which are essential to 
the intactness of the great route And these major afferent elements 
can themselves be subject from time to time to stimulation afforded 
b> the contractile energies of growing neuroglia Epileptogenic 
stimuli are applied m all cases to those elements having a forward 
direction, so that the reaction is in most cases, if not necessarily, a 
sensonmotor reaction in Hughlings Jackson's sense ’’ 

"With the onset of topographic and stratigrapluc knowledge of the 
cerebral cortex, we shall approach more nearly to a definition of tissues 
suitable for the propagation of epileptic discharges So far it seems 
that such sjnaptic tissues arc charactenzed by abnormally simplified 
arcs whose impulses are the more automatic through the lack of coun- 
ter-currents from surrounding cells ” 
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Although all the details of this explanation may not be acceptable, 
yet the similarity in thought to Fulton’s conception of long-arcuitmg 
and delayed response is striking, and supports the apphcation of these 
ideas to epilepsy. 

Further evidence that “simplified arcs” tend to cause epileptic 
motor discharges is found in the feeble-minded. Here we have 
much epilepsy among the lower grades, and these patients have more 
or less simplified brains, with a characteristic lack of association fibers 
Even in the moron group we find epileptics who at autopsy are shown 
to have reduced hemispheres The hemisphere shown in Fig 3 has 
little frontal lobe development and more closely resembles the cerebral 
hemisphere of a chimpanzee than that of a human. The patient 
was feeble-minded, had had convulsions since the age of 16, and 
although he lived to be 60, only reached a mental age of about 9 
The fact that children are so much more prone to convulsions than 
adults is perhaps explainable on this theory of “simple brains” and 
simplified reflex arcs too easily conductmg abnormal motor discharges. 
Children’s brains are not fully myehnated, complete development in 
this respect not taking place until the sixteenth or eighteenth year. 

In summanzing this “short circuit” theory the authors are alive to 
the danger of theorizing on the basis of analogy. A great many expla- 
nations of the fit have been written which use the electrical analogy in 
a loose way speaking of “insulation of neurones,” “storage of energy,” 
and the like Recently Alford (1926) in a plausible paper uses a 
hydrod 3 mamic symbolism and speaks of “floods of nervous energy 
increased above the normallevel ” If we are to progress it is necessary 
to keep within our scientific limits and use data and terms based on 
clinical or experimental observations A careful study of Sher- 
rington’s papers and especially of the work of his recent collaborators, 
Fulton, Cooper and Denny-Brown, gives one a standard of care in 
terminology well worth emulating. When epileptoid reactions can 
be accurately described in terms such as “relaxation,” “contraction,” 
“phasic” reflex” and “clonic after discharge,” each of which has a 
demonstrable physiological basis, we can be more sure of our ground 
when we come to theorizing At present even the “inhibition,” even 
when applied to simple spinal reflexes, has not been satisfactorily 
explained and defined. 
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The explosvoe iheo)y 

A spreading stimulus arising from a local irritation as described by 
Jackson, adequately explains the phenomena of aura and onset of 
convulsions, but the fall, the unconsciousness and the motor discharge 
are often too overwhelming, sudden and disorderly to be explained by 
any sequential blotting out of reflex levels Neither does progressive 
irritation of one level after another give a satisfactory explanation, 
for the same reason Text-book pictures of convulsions with their 
clonic, tonic and flaccid stages are misleading The distinction be- 
tween “clonic” and “tonic” spasm is clinical, but cannot be explained 
on an anatomical localization of the convulsive process Fits are 
sudden, disorderly motor discharges, infinitely variable and often 
affecting almost simultaneously large portions of the central nervous 
system To understand them it would seem more rational to look 
on the brain as a whole, to study it as a “physiologische Gestalt,” 
and to see what processes afiecting the brain as a unit organ of more 
or less homogenous cytology might be responsible for convulsive 
phenomena Obviously the central nervous system has certain prop- 
erties common to all its different parts Following Kohler (1926) 
one might mention temperature, pressure concentration, electrical 
potential, and reaction (pH) One must conceive of changes m these 
physical properties as affecting all centers, and all centers affecting 
the impulses, influencing what they shall be and, to a certain extent, 
where they shall go In short, we must allow for dynamic inter- 
action m the physical sense Such changes effect the whole central 
nervous system They argue against the conception of a blind im- 
pulse running from one center to the next, awakening reflexes as a 
tram of gunpowder sets off a senes of blasts The evidence gained 
from experimental convulsions shows that many drugs can cause 
convulsions — absinthe, cocaine, camphor, — to enumerate only a few 
These give fits somewhat similar to the seizures occurring in patients 
Moreover, we have many general changes in the body which may bring 
on convulsions — anoxemia, alkalosis, anemia, hypoglyceima These 
factors do not seem to act m any selective way on any one neuron level, 
but by a widespread and sudden metabolic change over a large part 
of the brain. 
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Syz (1927) using acid fuchsin as a convulsant in frogs shoi\ed that 
injury to any part of the central nervous system caused a change in the 
permeability of the whole brain and cord to this dye with a resulting 
increase in suceptibihty to convulsions He emphasizes the com- 
plexity of the process and suggests that stimulation might cause 
changes in the blood vessel walls and increase their permeabihty 
Anaphylaxis, probably the result of primary action on capiUanes, 

IS a similar phenomenon The explosiveness, general symptomatology 
and vanability of seizures resemble anaphylactic reaction, and it is 
possible that the mechanism involved, though not identical, may have 
certain features in common 

Summary 

Search for the anatomical locus from which fits anse has occupied 
nany investigators, but all this localizing is too schemabc Fits can I 
le set off by disturbances in vanous parts of the central nervous sys- • 
cm The evidence does not justify calhng them all “pyramidid,” 
ir '‘extrapyramidal,” or “mcdullaiy” phenomena Little is really i 
mown of the neurological mechanism involved in an epileptic seizure 
3ne may discuss this mechanism by describing four theones (1) The 
‘Imtation” theory which arose from the electncal exatation expen- 
nents and the pathological findings in Jacksonian epilepsy (2) The 
‘Release” theory suggested by recent advances in physiology, e g , 
Dur newer mterpretation of decerebrate ngidity, or of locomotor' 
reflexes This theory holds that convulsions come, not from stimula-' 
tion, but from a temporary suspension of function of the higher centers 
nliich allows the lower centers to discharge explosively' (3) The* 
“Short-arcuit” theory is obviously allied to the release idea, but is* 
more local A cortical lesion (for example) is considered capable of^ 
interrupting enough association fibers to check the normal spread of 
ncrx’c impulses and cause them to take a shorter, abnormal route, 
leading to explosive discharge The essential difference is that the 
release theory deals in physiological levels as units, whereas the short- 
arcuit conception may be used to explain an epileptic discharge from 
any anatomical lesion, whetlier large or small The two, however 
may well be combmed (4) The “Explosive” theory negates those 
enumerated above by holding that a seizure anses as a general wade- 
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Spread change in brain tissue, not dependent upon spread of nerve 
I impulses, but upon some sudden metabolic change — ^such as anaphy- 
' laxis, anoxemia or alkalosis. 

> None of these theories is alone satisfactory; probably all seizures 
I are combmations of two or more of the four mechanisms. The first 
[ three have received the most attention, but modem research points 
to the last as perhaps the most fruitful field for future investiga- 
tion, At the present writing it is the author’s belief that epileptic 
seizures are neurological phenomena, usually motor, caused by some 
sudden change in the nerve cells. The etiological factors which 
might spring the trigger of this mechanism may be numerous and 
1 varied These are discussed hereinafter Nevertheless it aids in the 
I comprehension of the problem if general etiology, precipitating fac- 
^ tor, and neural mechanism of discharge are considered as mutually 
^ important, but different, phases of the total phenomenon. 

Factors Involved in Convulsions 

C There are at least three factors which must be considered as of 
i 'i etiological importance in the production of seizures They are (a) 

I organic abnormalities in the structure of the brain or its coverings, 

; I (6) functional abnormaUties in the cells of the brain that increase their 
|r“convulsive reactibility,” and (c) abnormalities in the body outside 
Hhe brain tissue That functional instability of the brain must play 
I an important part in persons with convulsions is clear when we 
I rbnember that of persons having either orgamc brain lesions or marked 
/ disturbance in their body physiology, but a small proportion react to 
I their abnormality by having epileptic seizures. Our conception of 
’ the situation is presented graphically by means of figure 4. In this 
I schematic representation, all three factors are represented as shanng 
\ in each seizure. In the central figure there is no attempt to indicate 
i the relative importance of each factor. This must vary enormously 
j in different patients (as represented in the small figures at the side), 

I and in the same patient from tune to time Thus, in any patient 
I after the lapse of years, one would expect the intracranial factors to 
I become more important and the extracranial factors less important 
f These three factors, of course, are Intimately interrelated. In the 
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following pages tahng figure 4 as a map (like the flat circular map 
of the ancient world) we shall explore the regions, known and unknown, 
which are indicated in it 

PATHOLOGV OF THE NERVOUS TISSUE 

The importance of any lesions of the bram or its covermgs m the 
causation of fits is evident Foerster (1926) has hsted the lesions of 



BRArM INJURY 



INSULIN 



NO CVDCMT 

abnormality 



Fig 4 Scheuatic RrmESEN-rAnov or Possidix Factors Ijoolved is a Srjzuiu! 

In the lar^e circle there js no attempt to assign values to the \inous segments of tlie 
arclc The three small circles on the nghl represent three conditions associated vnih 
seuure First, conditions ot definite bram mjur> Second, conditions in ivhicli body 
metabolism may be assumed to play an important part such as m the convulsions follow- 
ing over dose of insuhn Third, the h^poUiclical condition in which neither ante norpost 
mortem exammation re\ cals abnormality m the bod> athcr w ithm or without bram tissue, 
X e , so-called essential epileps> In each of these three, segment rcprescnlmg func 
tional instabilit>, is assi^ed a large segment, lor reasons gi\cn m the test 

the central nervous system which may be accompanied by coninilsions 
as follows Congenital bran disease, hercdo-dcgcnerative processes, 
traumatic lesions, tumor, parasites, syphilis, tuberculosis, cerebral 
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abscess, brain swelling, menin^tis, leptomeningitis, chrome arach- 
noiditis, juvenile encephalitis, epidemic encephalitis, multiple sclero- 
sis, presenile gliosis, senile cortical degeneration, toxins, and 
disturbances of circulation. As indicated above, such pathology- 
alone does not cause epilepsy and hence cannot be the only factor 
involved. For example, con'vailsions occurred in only 4 5 per cent of 
25,000 soldiers -with wounds of the skull and in 30 per cent of 270 
patients 'with tumor invol-ving the brain, — Sargeant (1921). In 100 
cases of brain tumor reported by Do-wman and Smith (1928) convul- 
sions occurred in 37. Less than one-haK of infants who have cerebral 
birth palsies develop epilepsy, — ^Ford (1926). Again Thom and 
Southard (1915) found that patients with the more marked gross 
pathology were not the ones hairing the more frequent seizures. 
These statistical data are of value in showing that abnormalities 
present at birth or those associated -with increased intracranial pressure 
are especially liable to be followed by con-vulsions. 

Evidence from post^iortem examinations 

Macroscopic. Concerning the size of the brains of patients with 
seizures, Munson (1918) compared the weights of 245 brains of epilep- 
tics that showed no organic lesions -with the weights of normal brains , 
Up to the age of 25 the brains of epileptics were much lighter, after 
that age the weights were approximately the same as the normal 
group Munson takes this to mean that the epileptic patients with 
hght weight brains died early Ganter (1922) found that in 161 
epileptics the volume of the skull and weight of the brain were greater, 
on the average, than in 101 feeble-minded. The brains of epileptics 
dymg in status were relatively heavier. Lind (1926) m 178 congenital 
epileptics found that the average brain weight of the idiots was less 
than the average weight of those not congenitally insane. 

The gross lesions found m persons -with epilepsy depend very largely 
on the class of patients examined. Autopsy reports in large groups of 
patients -with epilepsy have come only from mstitutions which care 
for mentally deteriorated, chronic patients Gross lesions m such 
groups are frequent , e g , 63 per cent of 205 brams, Thom and Southard 
(1915), 34 per cent of 715 brains, Munson (1918), 89 per cent of 103 
brains, Gregory (1919). 
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There is not a predominance of any type of lesion found in these 
brains The data presented m table 1 are abstracted from the last 
eight annual reports from the Craig Colony for Epileptics of Sonyea, 
New York, and from observations by Lind (1926) in Austraha Be- 
cause of different methods of classifications used in these reports and 
because of possible duplications in the listing of lesions, the percentage 
of abnormalities are only approximate 


TABLE I 

Gross pathology found tn the hratns of tnstitutsonol epnUptics 
(718 at Craig Colony and 259 m Australia) 


CONDITION 

ITRCEKTAOS 

Craig Colony 

Atulralta 

Dura — evidence of inflammation 

12 

38 

Arachnoid— evidence of inflammation 

10 

4S 

Subarachnoid h> drops 

13 


Bram— cerebral sclerosis 

14 

24 

Hemiatrophy 

10 

6 

Softening 

13 

6 S 

Tumors 

2 

3 S 

Porencephaly 

2 

6 

Arteriosclerosis 

6 

9 

Hemorrhage 

8 


Edema 

27 


Gumma 

0 3 


Ventricles — assymetry 

3 


Dilatation 

12 

52 

Choroid plexus — cystic 

3 

2 7 

Sella turaca— abnormality 

9 



Lind apparently does not hst certain abnormalities Tlie ones 
which he docs mention occur more frequently than m the Craig 
Colony senes Presumably this is due to Oie use of different standards 
for normal For example, before exclamung o\ er the fact that dilated 
ventricles are four times more common in Austraha than m New York, 
one needs to know what, m the minds of the different pathologists, 
constitutes a dilated ventricle Tliat onlj 2 and 3 5 per cent of the 
patients were found to have tumor of the brain is of interest These 
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figures closely correspond to those of Volland (1910) who in 150 cases 
found previously undiagnosed tumor m 3 per cent 

It is to be regretted that the authors do not give figures sho\nng 
what proportion of the brains were normal in appearance, and whether 
microscopical examinations were earned out 

Although quite different in mterpretation, Dandy’s (1923 and 1927a) 
observations on the pathology of epilepsy at operation are corrobora- 
tive of Lind’s at necropsy. Dandy is able to demonstrate in the ac- 
quired cases (i e , those cases which do not come under the heading 
of congenital malformation of the brain) a very staking gross pa- 
thology, consisting of dilated subarachnoid spaces forrmng pools of 
fluid and overlying small convolutions which are soft on palpation 
On deeper exploration or by ventriculography, dilatation of the ven- 
tricles could be demonstrated. “At operation these changes in the 
subarachnoid spaces are strikmgly evident to the naked eye. At 
autopsy they are very poorly or not at all evident. The reason is 
that when the fluid is lost, as at autopsy, the arachnoic membrane 
collapses on the brain and very little is to be seen ” The loss of bram 
tissue is mostly in the white matter of the brain which is softer, less 
resistant to trauma and much easier of absorption than the gray 
matter. The changes in the subarachnoid space are an effect and 
not a cause. The cause of this t3qje of epilepsy is the primary cerebral 
lesion. Tilmann (1926) states that he found pathologic changes on 
the surface of the brain in all his operated cases. He does not 
particularize. 

These observations at autopsy and at biopsy are certainly impor- 
tant, and have an added interest when correlated with the experi- 
mental work of Dandy and Elman (1925) who showed that cortical 
injury lowered an animal’s threshold for absinthe convulsions, and 
with the work of Speransky (1926) who by freezing areas in dogs’ 
brains caused areas of stenle “encephalitis” which degenerated and 
gave rise to epileptiform seizures. 

The important question arises as to whether the observed pathology 
is the cause of the epilepsy or only a result of repeated seizures, per- 
haps it even bears no relation to them. It would seem probable that 
some of the abnormahties observed, particularly dilated ventricles, 
marked sclerosis of the cornu ammonis or areas of softening from hem- 
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orrhages, might well be a result of repeated severe convulsions We 
are endeavonng to collect autopsy reports from a large grotip of 
non-institutional patients, tabulating the data with respect to duration 
and seventy of symptoms, the patient’s mental condition and neuro- 
logical signs before death, etc On neurological examination the 
majonty of institutional patients present chmeal evidence of cerebral 
lesions In contrast, only a comparatively small proportion of 
patients seen in pnvate or dispensary practice show such evidence 
This leads one to beheve that only a minority of this latter group of 
patients would show structural abnormahties of the brain at autopsy 

Bagley’s (1925) work is perhaps even more suggestive, for he found 
that puppies, to which he gave subarachnoidal injections of their 
own blood, weeks later might have chrome fits and develop internal 
hydrocephalus Much more research is needed along all these lines 
before conclusions as to pathogenesis may be drawn, but tlie investi- 
gators must pause and realize that the riddle is not solved until those 
cases with chronic fits and no gross cerebral lesions are explained 
Moreover, only a few of the patients with severe brain injury eventu- 
ally become epileptic The extensive cerebral w ounds inflicted in the 
war must have undergone organization and ghosis with the formation 
of arachnoid cysts, yet Collier (1924) states that only between 5 and 
8 per cent of these patients became epileptic Stcinthal and Nagel 
(1926) in 639 cases with gunshot wounds of the brain found that 
epilepsy resulted in 29 per cent Of 500 soldiers with skull injunes 
followed by Villaret and Bailby (1927) 7 per cent developed convul- 
sions Reichmann (1927) in 603 cases with fractures of the skull and 
resulting lesions of the brain found that convulsions had occurred in 
3 8 per cent In these traumatic cases it is of interest to know that 
convulsions maj not begin until years after the injury 

Mtcroscoptc Because gross inspection of the brains of persons 
subject to seizures has shown no constant abnormahty, there has been 
a persistent search for lesions which might be revealed by the rmcro- 
scope The older work is well summanzed and discussed by Jakob 
(1914) 

More recent observations are as follows Bratz (1920) states tliat 
in 50 per cent of patients with cpi!cps> and in 25 per cent with general 
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paresis there was sclerosis of Ammon’s horn Apparently this was 
not &, result of seizures for in cases of short duration and those havmg 
only petit mal, similar changes were found No sclerosis was found 
m 16 children dymg in con-vulsions Kogerer (1923) in 2 cases found 
widespread fatty degeneration of the p 5 Tamidal cells of Ammon’s 
horn Weimann (1924) considered lesions of Ammon’s horn neither 
typical nor pathognomonic Westphal and Sioli (1921) described 
ganglion cells in the brain which contained corpora amylacea These 
inclusion bodies were most numerous in the thalamus, nucleus ruber 
and nucleus dentatus. Takeuchi (1922) described the occurrence of 
small pale staining bodies in brains of children dying of convulsions. 
He states that similar changes were found in poisoning "with ammomum 
chloride. Geitlin (1923) considers an incomplete form of cortical 
tuberous sclerosis of embryonal origin as the lesion responsible for 
' epilepsy. 

Spielmeyer (1924r-1926) •writes on the histopathology of epilepsy 
saying that the different brain changes found after a fit have no 
especial interest for they are also seen in other conditions, for example 
in acute brain swelling The focal lesions, on the other hand, have a 
pathogenetic significance for they are characteristic in form and 
position and have been found in 80 per cent of 126 epileptics. They 
are small circumscnbed areas of destruction occurring usually in the 
A mm on’s horn and cerebellum. In recent lesions there is merely a 
focus of tissue destruction like a small softening, later there is a ghosis 
leaving punctate sclerotic areas In the cerebellum there is a drop- 
ping out of Purkinje cells and in long standing cases with summation 
of lesions distinct atrophy may be discovered. Such lesions are 
frequently overlooked. The changes in Ammon’s horn are similar 
Out of 36 cases of status epilepticus he found 6 with especially acute 
lesions, which were evidently the precursors of the Ammon’s horn 
sclerosis The lesions were in the same location where ghosis appeared 
later He could follow the fading and shrinking of the nerve cells, 
and the glia reaction around them as they went to pieces. The 
picture is that of an ischermc destruction, cell degeneration, hpoid 
products of degeneration and ghosis. It is also important that the 
lesions are similar in distnbution to those of artenosclerosis and 
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endartentis, there seems to be a local circulatory factor both in the 
cornu ammoms and cerebellum The specimens, however, give no 
clue as to the cause of the ischemia, so Spielmeyer thinks it must be a 
functional circulation change— a vasoconstriction — for the changes 
coincide with those caused by angiospasm and there is nothing to 
indicate vasodilatation or stasis He believes that the local lesions 
m Ammon’s horn and the cerebellum are therefore the morphological 
results of angiospasm 

These changes are not expressed in the clinical symptomatology 
They give us no etiological pomt of departure They are to a certain 
extent only mcidental findings which give us insight into the sequence 
of events of the encephalic pathological process 

Ejidencc from chmeal exannnaUon 

Observations concenung the pathology of the bram during hfe are 
limited to neurological exanunation, to study of the pressure, volume 
and contents of the spinal fluid, to ventnculography, and to direct ob- 
servations made at the tunc of operation We shall speak elsewhere 
concermng observations on the spinal fluid 

Neurological cxaminahons Although a careful neurological ex- 
amination often gives valuable information concenung lesions of the 
central nervous system, apparently a survey of the neurological find- 
ings in a large mixed group of patients having convulsions is lacking 
Hodskins and Yakovlev (1927) in a detailed examination of 300 in- 
stitutional patients found a positive Babinski sign constantly present 
in 29 per cent (bilateral in 11 per cent — unilateral in 19 per cent) 
There was evidence of injury of the pyramidal tract in 55 per cent, 
of extra pyramidal lesion m 28 per cent, and in only 17 per cent was 
the neurological examination negative A survey of a non-institu- 
tional group undoubtedly would give \cry different results Osnato 
(1923) for example, in 57 private patients found abnormal neurological 
signs in only three 

Recent reports concerning certain phases of a neurological examina- 
tion are as follow's Agugha (1922) m 19 patients did not find a reaction 
to the Baranj test between seizures, whereas just before a seizure 
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nystagmus could be produced with the use of 15 to 45 cc of water. 
Focher (1925) found asymmetry to Weber’s test of tactile sensiblity 
in 30 per cent of the patients examined, and in 66 per cent of those 
who had had convulsions for more than five years. He t.hmks that 
this may be a manifestation of an asymmetrical development of the 
cerebrum or of secondary organic changes in the cortex. Apparently 
his observations were not controlled. Lillie (1925) in 60 patients 
with proved temporal lobe tumor found convulsions were the most 
frequent symptom. He localized the tumor by means of perimetric 
examination of the visual fields in 43 or 70 per cent of the patients. 

Ventriculography. The field of ventnculography has been opened 
but recently. Foerster (1925) made observations of 11 patients with 
epilepsy, in whom because of the focal nature of the seizures, organic 
lesions might be expected. All of the films showed abnormality of 
the brain. Most commonly there was dilatation of the ventricles 
with asymmetry in size and position or loss of cortical substance, as 
shown by an accumulation of air over the surface of the brain This 
evidence often furmshed a clue to the area to be explored In several 
instances excision of the cortical area involved resulted in suppression 
of the seizures Wartenberg (1925) described the technique in detail 
and the observations on one patient with epilepsy, Tyczka (1925) 
in 18 examinations obtained abnormal pictures in all but two. Schu- 
ster (1926) used the method in 7 patients, Fischer (1926) in 6, and 
Carpenter (1927) in 24 Dandy (1927), the originator of the proce- 
dure, has found the method of considerable use in stud 3 dng the brains 
of epileptics We have spoken of the observations of Dandy and 
others at the time of operation. 

Summary 

Though gross lesions of the brain occur in most institutional cases, 
the lesions found are not constant and may be the result rather than 
the cause of seizures On nucroscopic examination, areas of degenera- 
tion in Ammon’s horn are often present In life, careful neurological 
examination supplemented by ventnlography may indicate organic 
lesions in the majority of institutional patients No specific lesion 
of the nervous system in epilepsy has been demonstrated Con- 
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vulsions occur in only a small proportion of persons with gross lesions 
of the brain Almost any lesion plus the unknown X, which we call 
functional instabihty, may result in epilepsy Re ports concernin g 
the brains of the non-institutional type of patient are needed 


njNCTONAL ABNOEIIAIITIES OP THE NERVOUS TISSUE 

This IS the terra mcogmta of all who have attempted to chart the 
problem of epilepsy As we have pointed out m previous sections, 
even in the presence of brain lesions or of physiological abnormalities 
elsewhere in the body, an additional factor, such as undue tendency 
toward a convulsive reaction, is needed to explain the fact that seizures 
come only to certain individuals In patients who present no ab- 
normahties on careful antemortem and postmortem examination, the 
importance of this factor is yet more evident In the words of 
Kussmaul and Tenner (1859) “Every physician of the present day 
who IS at all judicious will relinquish the hope cherished with childlike 
confidence by certain schools and times, that pathological anatomy is 
destined to give an explanation of the nature and scat of epilepsy, 
and he will only expect that result from tlie progress of the experi- 
mental physiology of nerves ” The problem is not unique for con- 
vulsions Individual vanation in the manner of reacting to environ- 
ment IS a characteristic of living matter In the presence of a given 
stimulus, only certain individuals will react with a convulsion This 
IS no more mysterious than the fact that only certain individuals are 
“susceptible" to a given infection, or to cancer Convulsions, 
though more dramatic and attention compelling, are no harder to 
explain than certain other more common neurological symptoms, 
such as sleep and headache 

The tendency to convulsive reaction on the part of nerve cells may 
be an inherent property of the cell that is beyond present analjsis 
At this point, a dcarcrj>npwlcdgc of the placcof inheritance in epilepsy 
would be of value We point out later that the evidence for inhent- 
ance is far from conclusive On tlic other hand, evidence recently 
gained shows that a portion of this “reactibility” can be analyzed 
The proof of an intimate relationship between seizures and pliysico- 
clicmieil alterations in the body points to the importance of measurable 
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physical factors in the reactive capacity of nerve cells In figure 4 
we have divided the factor of functional abnormality of nervous 
tissue into these three parts, viz , 1. An unknown, inherent (possibly 
inherited) reactive capacity. 2. A reactibility which is related to 
physico-chemical changes, and 3, to the emotional life Concerning 
the first, we have no information Observations relating to the 
second and third follow 

Effect of physico-cJicmtcal changes in nerve cells 

The various factors that follow are but a few of the numerous inter- 
locking parts of a whole What effects one, effects all, so that it is 
difficult or impossible to say that any one factor is of fundamental 
importance. The following observations deal mamly with experi- 
ments on animals. Indirect evidence gained from clinical studies will 
be presented in later sections, and the whole matter will be summarized 
in the conclusion. 

Oxygen consumption. Like all tissues, the central nervous system 
is dependent for its proper activity on a contmued and adequate 
supply of oxygen. Indeed Loebel (1926) has shown that the oxygen 
consumption of bram tissue, when compared with other tissues, is 
high Anoxemia of the brain, if severe enough, is regularly followed 
by convulsions Although we lack any extensive evidence, it is pos- 
sible that oxygen lack is the common denominator of many diverse 
conditions which result in seizures, such, for example, as polycythemia 
and sudden aneroia, or alkalosis and hypoglycemia Seizures which 
occur during sleep, when all the body fimctions are presumably run- 
ning smoothly, are difficult to understand A possible explanation is 
the lowered oxygen consumption which occurs in sleep, especially if 
one may make the not improbable assumption that in sleep oxidative 
processes in the bram are disproportionately reduced Clinical dem- 
onstration of the importance of this factor is shown in observations 
detailed under oxygen consumption (se-!; figs 5 and 7) In several of 
our patients seizures could be regularly induced by breathing oxygen 
poor air. Over-ventilation which also regularly produced seizures, 
would have no effect if the patient breathed an oxygen rich atmosphere 
(see fig 8). This is in line with the observation that in guinea pigs 
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Strychnine convulsions are prevented if the animals are placed in an 
atmosphere of oxygen Syz (1926) has found that if frogs are placed 
in an oxygen free medium (boiled water, oil or mtrogen) the convulsant 
reaction to injection of acid fuchsin is greatly increased Campbell 
(1925) injected air under the skin and in the peritoneal cavity of 
rabbits and measured the O 2 and CO 2 tension of the gas after expen- 
mental procedures He found that the O 2 tension of the gas was 
increased after seizures indueed by tetany and eonvulsant drugs, and 
argues that a decreased O 2 tension in the cells of the brain was the 
immediate cause of such seizures With the further use of the War- 
burg method for measunng the metabohsm of excised tissue, we may 
gain new information concerning the intensity of the oxidative proc- 
esses in the brain in vanous conditions Myerson (1927) draws blood 
from patients from the carotid artery and the internal jugular and the 
arm veins Comparison of blood from these loa may jueld new evi- 
dence concerning relative metabolic processes in brain and muscle 
loMc eqmhbnum As we show elsewhere, the equilibnum of 
electrolytes is of undoubted importance m seizures Interestmg clini- 
cal evidence is presented imder acid-base relationships Although 
this subject offers opportunity for speculation, we must await more 
complete knowledge of the action of the various 10 ns on protoplasmic 
activity We may hope for mformation on this pomt from funda- 
mental investigations being made by Rezmkoff and Chambers (1927) 
on the reaction of amebae to the intracellular mjection of vanous salts, 
and by Millard Smith (1927) on the effect of vanous 10 ns on the solu- 
bility of gelaUne Haldi, Routh, Larkm and Wright (1927) observed 
the effect of vanous anions and cations on the absorption of water 
by brain tissue They found little absorption with calcium and much 
swelling with chloride Different parts of the bram were affected 
differently Unfortunately, they did not control the pH of the solu- 
tions with which they worked Flcsch (1917) has speculated concern- 
ing the mechanism of convulsions based on the conception of the brain 
cells as storage batteries containmg the vanous electrolytes, of which 
NaCl IS the most important The discharge of the nerve cells depends 
on the concentration of electrolytes and on the resistance of tissues, 
whidi in turn depends on the temperature, the pH of tissues, the 
permeability of cell membranes, etc He suggests that such a con- 
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and convulsions. This interesting observation deserves further 
study. 

Chemical comtituents. Recent investigations of the chemistry of 
the brain substance in patients with epilepsy are almost entirely lack- 
ing Tretiakoff and Caesar (1926) reported an intense reaction for 
iron in the cortex of patients with general paralysis and a famt reac- 
tion in those with epilepsy. Observations concerning the glycogen 
content of the brain will be taken up below. 

I 

Evidence from effect of drugs 

It is obvious that our knowledge would be advanced if we knew 
the mechanism by which certain drugs cause and other drugs prevent 
convulsions. 

Convulsaiits. Apparently little is known of the mechanism by which 
such convulsant drugs as cocaine and camphor act Because the 
convulsant effect of insulin has greater clinical interest, it has received 
recent attention 

Cori and Con (1925) and Holmes and Holmes (1925) found no 
decrease in free glucose of the brain in animals with insulin hypo- 
glycemia but without convulsions Asher and Takahashi (1924r- 
1925) found that the glycogen content of the brain and the heart 
was much more stable than that of other tissues. The injection of 
insulin in rabbits if not followed by convulsions resulted in a slight 
increase of carbohydrates in the brain, whereas if convulsions ensued 
the brain glycogen was reduced by 80 per cent Marked reduction 
also accompanied convulsions induced in other ways by picrotoxin 
and by tetanus Their observations would seem to show quite clearly 
that the glycogen of the brain was drawn on only in conditions asso- 
ciated with marked excitation of the central nervous system The 
exact relationship of such glycogen loss to the convulsions, whether 
cause or effect, is not as yet clear. 

Anti~conmdsants. Concerning luminal, Gruber and Roberts (1926) 
in perfusion experiments on the head of the dog found that the addi- 
tion of 50 to 100 mgm. of sodium lummal to the perfusion hqmd c ause d 
dilatation of cerebral vessels as measured by the rapidity with which 
the flmd flowed from the brain If the beneficial effect of luminal is 
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due to increased circulation m the brain, one might e-cpect good re- 
sults from other drugs having the same action This, m fact, is the 
explanation given by Karger (1924), Pethe (1925) and Pentz (1926) 
for the benefiaal results which they obtamed m certam patients whom 
they treat ed with caffem The last named author used from 6 to 9 
grams a day 

Gruber and Baskett (1925, a and b) found that phenobarbital had 
a depressing action on the heart Its use in animals caused a fall of 
blood pressure and a slowed rate and increased depth of respiration 
BiK wood (1924 b) believed tha t the beneficial effect of luminal-was 
d ue to acid osis Tfi^ opinion, however, woul d seem to lie without 
sufficient experimental basis fqi^elchimge in pH of the blood in the 
fe^ases who were givenluminal w as no greater than in other patients 
who receiwd'ho'luminal ArneUTiWBTTfalertihaFphiaioBarBital 
sodium IS without Influence on the sympathetic and parasympathetic 
nerves We review the evidence concerning the effect of the acid 
forming salts, ammonium and calcium chloride under acid-base 
relations 

Gartner (1926) observed that speaally stamed sections of brams of 
animals which had been poisoned with sodium bromide shoned a 
localization of bromide m the protoplasm of the glial cells Mott, 
Woodhouse and Picknorth (1926) admmistered barbitone to cats and 
monkeys by mouth Masses of a pecuhar mucinoid matenal, from 
5 to 60 microns in diameter, were found distnbuted throughout the 
central nervous system Chromatolysis, loss of Nissl substance, and 
signs of cell degeneration were present in tlic nerve cells after intcnsne 
treatment wath any of the hypnotic drugs The mucinoid matenal, 
as Wolff and Reed (1928) have demonstrated in morphine poisoning 
m dogs, represents a degeneration of the oligodendroghal cells 

It IS possible that the effect of an anti-convulsant drug may be due 
in part to the action of the drug on the jvall of_th e capillary, mak ing 
It mor e permeabl e This is suggested by the experiments of Krogh 
(1924) m which a solution of Veronal Sodium applied to the web of a 
frog permitted subsequent application of pituitrin ortract to exert its 
characteristic constrictive effect 

More study of the mechanism through which anti-convulsant drugs 
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act is urgently needed. If sedative drugs cause microscopic changes 
in nervous tissues, this may explain certain nucroscopic changes that 
have been ascribed to epilepsy, and may be further evidence against 
the use of such drugs 


Summary 

The hope for an understanding of convulsions lies in a knowledge 
of the factors which affect the reactive capacity of nerve cells. Ad- 
ditional information is needed concermng physico-chemical changes 
in nervous tissue. Fragmentary experimental evidence presented 
here in addition to clinical evidence in later sections, mdicates that 
conditions involving changes in oxidation, in equilibrium of electro- 
lytes and in acid-base elements, in permeability of cell membranes and 
in edema of tissues, may profoundly effect the liability to convulsions 
In such changes the circulation plays an important r61e. 

Psychogenic 

In all ages, a certain group of persons have beheved that the origin 
of seizures lay outside the realm of the physical Hippocrates argued 
that this “sacred (hsease’^ was not, as was commonly believed, an 
evidence of dvovne possession on the part of various members of the 
god family, but like other diseases, was due to physical causes In 
later centuries this idea was apparently lost and seizures became a 
matter of demoniacal possession The rise of medical science again 
put them on a physical basis At the present time (both gods and 
demons being dead) many psychoanalysts consider seizures an evi- 
dense of emotional possession 

Clark (1926a) is the most prolific expounder of the psychogenic 
basis of seizures He sees in convulsions a failure of adjustment to 
environment, an infantile unconscious striving after displeasure-pleas- 
ure pursuit ending in the final goal of a return to infancy, attended 
by the loss of consciousness and a convulsion The essential epilep- 
tic, says Clark, is a pattern of the oral and anal erotic, he is ego- 
centric, emotionally inexpressive and excessively narcisistic This 
produces a rigidity and inelasticity of the personahty incompatible 
with flexible living, hence the explosive fit This epileptic charac- 
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ter may be recognized before the onset of seizures Kennedy 
(1923) has made a caustic retort to these vievrs In a fairly large 
series of epileptics, we have seen many who show none of the charac- 
tenstics of Clark’s epileptic personality Many, as Kretschmer 
(1924) pomts out, do show egocentncity and emotional poverty, 
but we look on these characteristics as a common result of chronic 
mvalidism, or as accompanying symptoms, such as constipation 
or eyestrain, which may he minor contributing factors to the disease 
The concepts of "anal erotic” and “oral erotic” arc so general and so 
applicable to a large part of the human race that it seems unlikely 
that they play any important etiologic r61e in seizures 
Psychological factors in epilepsy are important, deserving a 
volume rather than a paragraph Many authors have given us 
interesting case reports of epileptics who m the aura preceding 
a spell live through an old emotional experience and who have 
been reheved by psychotherapy Rows and Bond (1926) have 
recently published some interesting case reports that compel 
attention and show that the psychological side must never be over- 
looked, especially in cases, such as those among soldiers, that come on 
after stressful penods m the hves of young adults Granted the 
importance of emotions in such individuals, we must yet remember 
that such stimuli in order to produce a convulsion must act through 
physiological processes — such as changes in blood flow through the 
brain or m the phj'sico-chemical processes in nervous tissue Neither 
pin-worms embedded in the anal mucosa nor complexes buned in the 
personahty are in themselves sufficient to produce a convulsion, 
though It IS self evident that such mating causes when present should 
be removed 

The mental status of epileptics and the relation of their mental 
healtli to seizures is likewise an important subject which cannot 
receive adequate discussion here Ninde (1924) has applied the audi- 
tory memory spin test to 2,000 epileptics in state institutions These 
patients as a group, had only one-half the memory span of normal 
persons Ihc adults rated much higher than the children Ninde 
believes that mental impanment of these patients may not be due to 
the seizures, but to extraneous factors such as heredity, environment, 
or mtclicctual desuetude He points out that only 35 per cent of the 
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epileptics in the United States are in institutions and that a survey is 
needed of the much larger and more representative group of patients 
who are scattered throughout the community. It is unfortunate that 
to the average person “epileptic” mean the helpless, deteriorated 
individual, commonly seen in institutions, rather than the person 
who, in spite of occasional attacks which are perhaps unknown to 
others, is carrying on his or her work in the world. 

ABNORMALITIES OUTSIDE THE CENTRAL NERVOUS SYSTEM 
Consideration of sources of evidence 

Clinical The information thus far presented makes it clear that 
either lesion or functional instability of the central nervous system is 
present in most, if not all, of the persons presenting the syndrome 
called epilepsy. In spite of this consideration, it is important that 
we should know as clearly as possible what abnormalities exist in the 
body outside the central nervous system. It is evident that such 
abnormalities, if present, may be the inciting cause of seizures Fur- 
thermore, a most important consideration, correction of such ab- 
normahties may be the only available means of therapy. 

Even superficial examination of the literature that deals with the 
metabolism or physiology of persons subject to recurring seizures, 
makes it evident that we are in need not of more theories but of more 
facts. A critical analysis of the facts that have been presented is 
important for several reasons. First, because epilepsy is classed as a 
neurological disease most of the mvestigators have been neurologists 
trained in pathological anatomy rather than in physiology and bio- 
chemistry. Second, modem laboratory methods have been developed 
only in the last few years and have been changing constantly. Many 
data that are still being quoted were obtained by methods now con- 
sidered obsolete. Third, many of the investigations which have been 
reported were made on sub3ects confined to mstitutions. The ab- 
normalities observed may not be the cause of convulsions, but the 
result either of the long standing convulsions or of the mental or 
physical deterioration present m many of these patients Again m 
such patients who have had seizures for many years, the attacks may 
have become a habit, more or less independent of the original stimulus 
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Having demonstrated certain facts with regard to abnormahties m 
epileptic patients, one is confronted with the question of their sig- 
nificance, whether the relationship between seizures and observed 
abnomahties are causal or only casual Many of the observations 
in the literature apparently belong to the latter group, for example, 
the statement that incidence of seizures vanes with the tides (Brunner, 
1916) Again, too often circumstantial evidence is given equal 
weight with direct evidence or sweeping generalizations are made 
from a few observations It is our difficult task to separate foundation 
stones of fact from superstructure of theory So many theones have 
been built based on insufficient and inconclusive evidence, and so many 
generalizations have been made from a few observations, that there is 
need for adherence to certain postulates, such as Koch set up in 
bacteriology Thus we might question of any patient Does he 
show vanation which is clearly abnormal? Is this the only ab- 
normahty present? Did this abnormality precede the beginning of 
seizures? Is its correction accompanied by cessation of symptoms? 

In the following review we shall endeavor to examine the evidence 
critically, presentmg, when possible, data rather than conclusions 
Because present laboratory methods have been developed only withm 
the last ten or fifteen years, we shall confine ourselves largely to evi- 
dence presented within that period In order that w ork already done 
should not be repeated, it is important to mention negative as well 
as positive findings Remembermg how often medical opmion has 
reversed itself in the past, we should mamtain an open mmd concern- 
ing facts which do not fit into our present conception concemmg the 
causes of seizures 

It IS plain that factors outside the central nervous system are only 
contributory to those within, and because a seizure is only a symp- 
tom, we must not expect to find any one abnormality w hich is common 
to all patients with seizures In order to meet this confusing and 
difficult situation, any invesUgation which is undertaken should 
mclude a large group of patients of vanous types The fact that 
some searchers have been careful to confine their observations to 
patients with “genuine epilepsy" has prevented them from seemg that 
the same abnormalities discovered in these, existed also m patients 
with focal epilepsy It is also evident that an> abnormality dis- 
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covered in only a small proportion of the patients examined may be 
of etiological significance in this small group 

Atdopsy material In view of the fact that hundreds of patients 
■with epilepsy die each year in tax-supported mstitutions, it is strange 
that there are not large series of observations concerning the pathology 
to be found outside the central nervous system We have tabulated 
certain statistics from reports of the Craig Colony which ■will be 
presented later. Such data are incomplete because weights and 
microscopic examinations of organs are lacking. 

The circulatory system 

Heart Patients "with epilepsy do not have disease of the heart or 
arteries more frequently than other ambulatory patients In 423 
autopsies at the Craig Colony, hypertrophy of the heart was foimd m 
9 per cent. 

Le^wis (1923) found that 30 per cent of the cases ■with epilepsy had 
hearts weighmg less than the average. As to the dimcal association 
of heart failure and seizures, Oddo and Mattel (1919) in a review of 
the literature from the year 1743 onward, report 13 case histories in 
whidi incompetence of the heart was accompanied by seizures. In 
their o^wn patients, seizures would seem to be more nearly related to 
cerebral artenosderosis than to heart disease Gruber and Lanz 
(1919) also present cases in which heart lesions were discovered m 
patients ha^ving convulsions Peritz (1926) noted “heart spasm” 
apparently the result of spasm of coronary arteries, as a precursor of 
seizures in some patients He assumes that there was an accompany- 
ing spasm of cerebral vessels 

The association of loss of consciousness ■with heart block is ■well 
kno^wn The occurrence of conimlsions is more rare. Kouwenaar 
(1917) has described a case in which the heart did not beat for a period 
of If minutes and conimlsions typical of epilepsy occurred Con- 
vulsions may be associated ■with paroxysmal tachycardia, as noted 
by Smith (1902), Perrero (1923) (a single case ■with gas poisoning), 
Sutherland (1927) two cases and Barnes (1926) The last named 
author has a senes of 15 cases from the Mayo Clinic in which epilepti- 
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form seizures occurred with relation to paroxymal tachycardia In 
several of these a diagnosis of epilepsy had been made He looks 
on the symptoms as evidence of cerebral anemia 
With reference to the heart beat in patients without serious irregu- 
larities of rhythm, Russell (1906) describes a number of madents in 
which there was a cessation of the pulse beat at the onset of 
seizures Using graphic methods, Munson (1908) in 10 patients and 
Gibson, Good and Penny (1910) in two, found no such irregulanty 
Certainly m almost all patients changes m rhythm and rate which 
may occur with relation to seizures are effects rather than cause W^e 
have obtamed electrocardiograph records of patients dunng petit mal 
and myoclonic seizures I n the se mstances neither the rhythm nor 
amplitude of waves was appreaably affected — 

Captllanes The newer work on the circulation demonstrates that 
the capillary bed opens and closes to meet the functional needs of the 
tissues This throws the question of capillary circulation into new 
prominence Apparently only two observations have been made m 
epileptics Hirsch (1925) states that the capiUanes in the nail bed of 
one hand of his patient showed marked variation in shape and increase 
in sizes Eighteen months later, when seizures were greatly di- 
mimshed, the capillaries in the two hands were equal Olkon (1927) 
describes a patient having visible spasm of capillanes, both spasm 
and seizures being relieved by atropin Hinselmann (1923) m 19 
patients with eclampsia found capillary spasm and stasis in 90 per 
cent After recovery the capillaiy circulation of these patients was 
normal 

Blood pressure Blood pressure in patients with epilepsj is de- 
pendent on their physical condition Hartenbcrg (1920) gives ob- 
servations in 80 patients Marchand and Adam (1923) measured 
the blood pressure of 43 patients, three of whom had daily readmgs 
for periods of from 60 to 96 days Reed’s (1916a) ptotic patients 
had hypotension Dunng seizure blood pressure is greatly elevated 
and after seizure it is lower than before, probably due to exhaustion 
Trentzsch (1924), using Sclmcider’s method of neurocirculatorj rat- 
ing, examined 8 epileptics They rated from one to ten, a poor 
showing 
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It is possible that arterial hypertension, when it exists, as in patients 
with arteriosclerosis, may contribute to the production of seizures 
Poppehreuter (1918) observed that of 40 soldiers with head injuries, 
only those with systolic blood pressure over 135 mm. had con- 
vulsions 

Intracranial circulation In a preceding section we have mentioned 
several factors which may effect the blood supply of the brain In- 
vestigators have had no satisfactory means of measuring either the 
volume or the speed of blood flow through the bram. It has been 
discovered only recently that the proportion of open capillaries is con- 
stantly vaiying. That this is true of the brain as well as of the other 
parts of the body is indicated by the experiments of Cobb and Talbot 
(1927) Spielmeyer (1926) has suggested that the angulation of small 
vessels found in certam cortical layers of Ammon’s horn may bear 
relation to the lesions found there The work on changes m bram 
bulk and in cerebro-spinal fluid formation and absorption is likewise 
new Therefore, speculation concerning intracranial circulation with 
relation to seizures has been concerned chiefly with the theory that 
convulsions may be caused by constriction of the cerebral blood 
vessels. 

Vasomotor control. The theory of “vascular spasm” was discussed 
by Hughlings Jackson (1863) and by Gowers (1881) but neither of 
these great teachers took much stock in the idea Since then the 
chnical evidence, though often inconclusive, has gradually accumu- 
lated until at present “vascular spasm” is a mechanism accepted by 
most clinicians as explaining transitory hemiplegias, aphasias and 
hemianopias Such attacks, however, usually occur m arteriosclerotic 
patients, whose arteries may not be suffidently elastic to permit much 
contraction. Another explanation is given by Fleming and Noff- 
ziger (1927) in an arteriosclerotic subject the blood supply through 
the narrowed vessels may be only just suf&cient to support function 
Under these conditions a temporary reduction in the systemic blood 
pressure may so decrease the blood supply to the brain that focal or 
general cerebral symptoms result. 

In addition to the above mentioned conditions, migraine and epi- 
lepsy are often ascribed to spasm of the cerebral vessels Richter 
(1925) discusses the subject m detail and argues that localized con- 
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traction of \essels in vanous parts of the brain may explam the vanous 
types of seizures observed As corroborative evidence there are the 
direct ophthalmoscopic observations of changes m the retmal arteries 
Hirschfelder (1914) has shoan that the retinal and cerebral artenes 
constnct or dilate synchronously Bramviell and McMullen (1926) 
and otliers have descnbcd alteration in the diameter of the retinal 
arteries dunng attacks of migrame Jean (1926) told of a young man 
in 'whom he watched the repeated blanching of the retina, the cherry 
red spot m the macula appearing and disappeanng during the ophthal- 
moscopic exammation 

With regard to observations of the fundus ocuh durmg a fit, 
Echivema (1870) described the disc just before a con'vulsion as 
pale with indistmct arteries Hughhngs Jackson (1863) said the 
fundus nas pale before a fit, but dunng the seizure the veins became 
large and dark Many surgeons have seen the e-rposed cortex undergo 
vascular changes dunng epileptic attacks on the operatmg table 
Kennedy (1923) descnbcd pallor of the brain before the convulsion, 
Horrax (personal communication) tells of pallor foUon ed by congestion 
and bulging, while Foerster (1926) descnbcd a sequence of events 
repeatedly seen by him at the operatmg table first, the bram becomes 
pale and sinks away from the skull, then it is suffused ivith blood and 
bulges greatly as the con'vulsion starts 

That the observed changes are due to vasomotor control of the 
cerebral vessels is by no means proven Sudden vanations in venous 
pressure due to changes in cardiac output and intrathoraac pressure 
could explain the observations as 'well or better The expenments of 
MacDonald and Cobb (1923) illustrate this pomt Propcrlj to evalu- 
ate tliese observations one must realize that the skull is normally a 
dosed box containing brain tissue, blood, cerebrospinal fluid, men- 
inges and vessd walls Pallor and falhng mtracranial pressure can 
be as well explamed bj a sudden drop in venous pressure as by active 
constnction of the artenes Congestion and increased intraCTanial 
pressure can similarlj ansc from cither active vasodilatation or in- 
creased venous pressure, as in jugular compression Less acute 
changes mij be explained on the basis of cerebral edema or mcreased 
amounts of cerebrospinal fluid 
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It is possible that arterial hypertension, when it exists, as in patients 
with arteriosclerosis, may contribute to the production of seizures. 
Poppelreuter (1918) observed that of 40 soldiers with head injuries, 
only those with systolic blood pressure over 135 nun had con- 
vulsions. 

Intracranial circulaUon In a precedmg section we have mentioned 
several factors which may effect the blood supply of the brain In- 
vestigators have had no satisfactory means of measurmg either the 
volume or the speed of blood flow through the bram It has been 
discovered only recently that the proportion of open capillaries is con- 
stantly varying That this is true of the bram as well as of the other 
parts of the body is indicated by the experiments of Cobb and Talbot 
(1927). Spiehneyer (1926) has suggested that the angulation of small 
vessels found m certain cortical layers of Ammon’s horn may bear 
relation to the lesions found there The work on changes in brain 
bulk and in cerebro-spmal fluid formation and absorption is likewise 
new. Therefore, speculation concernmg mtracranial circulation with 
relation to seizures has been concerned chiefly with the theory that 
convulsions may be caused by constnction of the cerebral blood 
vessels 

Vasomotor control The theory of ‘Vascular spasm” was discussed 
by Hughlings Jackson (1863) and by Gowers (1881) but neither of 
these great teachers took much stock in the idea Since then the 
clmical evidence, though often mcondusive, has gradually accumu- 
lated until at present “vascular spasm” is a mechanism accepted by 
most clinicians as explaining transitory henoiplegias, aphasias and 
hemianopias Such attacks, however, usually occur in artenosclerotic 
patients, whose arteries may not be sufficiently elastic to permit much 
contraction Another explanation is given by Fleming and Noff- 
ziger (1927) in an artenosclerotic subject the blood supply through 
the narrowed vessels may be only just sufficient to support function 
Under these conditions a temporary reduction in the systemic blood 
pressure may so decrease the blood supply to the brain that focal or 
general cerebral symptoms result. 

In addition to the above mentioned conditions, migraine and epi- 
lepsy are often ascnbed to spasm of the cerebral vessels Richter 
(1925) discusses the subject m detail and argues that localized con- 
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traction of vessels in various parts of the brain may er^ilam the various 
types of seizures observed As corroborative evidence there are the 
(hrect ophthalmoscopic observations of changes m the retinal artenes 
Hirschfclder (1914) has shorvn that the retinal and cerebral artenes 
constnct or dilate synchronously Bramwell and McMullen (1926) 
and others have descnbed alteration in the diameter of the retinal 
arteries dunng attacks of migraine Jean (1926) told of a young man 
in -whom he watched the repeated blanching of the retina, the cherry 
red spot m the macula appeanng and disappeanng dunng the ophthal- 
moscopic examination 

With regard to observations of the fundus ocuh during a fit, 
Echivema (1870) descnbed the disc just before a convulsion as 
pale with indistmct artenes Hughhngs Jackson (1863) said the 
fundus was pale before a £t, but durmg the seizure the vems became 
large and dark Many surgeons have seen the exposed cortex undergo 
vascular changes dunng epileptic attacks on the operaUng table 
Kennedy (1923) descnbed pallor of the brain before the convulsion, 
Horrax (personal commumcation) tells of pallor followed by congestion 
and bulgmg, while Foerster (1926) descnbed a sequence of events 
repeatedly seen by him at the operatmg table first, the bram becomes 
pale and smks away from the skull, then it is suffused with blood and 
bulges greatly as the convulsion starts 

That the observed changes are due to vasomotor control of the 
cerebral vessels is by no means proven Sudden variations m venous 
pressure due to changes in cardiac output and intrjithoraac pressure 
could explain the observations as well or better The expenments of 
MacDonald and Cobb (1923) illustrate this pomt Properly to evalu- 
ate these observations one must realize that the skull is normally a 
closed box containing bram tissue, blood, cerebrospmal fluid, men- 
inges and vessel walls Pallor and falling intracranial pressure can 
be as well explained by a sudden drop m venous pressure as by active 
constnction of the artenes Congestion and mcreased intracranial 
pressure can smiilarlj anse from cither active \asodilatation or in- 
aeased venous pressure, as in jugular compression Less acute 
changes may be explained on the basis of cerebral edema or mcreased 
amounts of cerebrospinal fluid 
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in the systemic arterial and venous pressure, they also add convincing 
data to the already considerable evidence of Weber, Hurthle and 
others. Thus it is shown that Hill’s experiments failed to prove the 
absence of a cerebral vasomotor mechanism. 

In addition to experiments on nerve stimulation, much work has 
been done on the effect of adrenalin on the vessels of the brain. 
This, as a method for determining the presence of vasomotor nerves, 
is not entirely satisfactory, although such an authority as Gaskell 
(19X6) says that the action of adrenalin has proved the existence of 
vaso-constrictor nerves in the brain Schilf (1926) is of the opmion 
that the action of adrenalin in itself cannot be used as a proof of the 
presence of vasoconstrictor nerves Such interesting work as that of 
Wiggers (1905) who showed by perfusion of an excised brain that 
adrenalm decreased the outflow, should only be used as corroborative 
evidence of the existence of vasomotor nerves The recent experi- 
ments of Gruber and Roberts (1926) explain the former conflicting 
evidence in this field, apparently the dilatation of cerebral vessels 
following application of adrenalin recorded by several observers was 
due to the use of acid solutions, or to chloretone Pure adrenalin 
alkaloid causes vasoconstriction if the solution is not acid 

Summarizing the situation, Schilf (1926) says- 

“The cerebral vessels contract after stimulation of the cervical 
sympathetic, equal effect occurring in the two hemispheres from 
unilateral stimulation The penpheral nerve cell lies m the supenor 
cervical sympathetic ganglion, so if one injects nicotme into it the 
vasoconstriction reaction to sympathetic stimulation is lost There 
is no tonic activity, for cutting the cervical sympathetic does not affect 
the brain vessels Moreover, stimulation of the nervous depressor 
vagi causes no reflex dilatation of brain vessels. This makes the ves- 
sels unique ” 

If we add to this the evidence brought forward by Forbes and Wolff 
that vagus stimulation causes dilatation of the cerebral vessels, and 
modify Sdulf’s statement that “there is no tonic activity,” the evi- 
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dence being conflicting, we realize that blood vessels m the brain react 
to stimulation and to some chemical substances m the same way that 
vessels in other organs of the body react It is probable, however, 
that they react less strongly 

The last statement quoted from Hill, to the effect tliat no nerve 
fibers have been found going to cerebral vessels, has been proved 
erroneous Li fact, GuUand who did the histological studies for Hill 
m 1895 and found no nerves, pubhshed a paper m 1897 retracting 
his statement and showmg that nerves are present In a letter to Dr 
J W Courtney in 1899, Guilland says “I am afraid there is no doubt 
about the nerves on the mtracramal blood vessels Their actual dis- 
tnbution and arrangement are very much the same as those on other 
vessels, except that they are, perhaps, a httle more scanty I’m rather 
sorry I’ve found them for the discovery rather takes the legs from 
Hill’s and Bayliss’ work, but you may take it from me that they arc 
there ” We must remember, however, that histological methods do 
not differentiate between motor and sensory nerve fibers Other 
investigators have also demonstrated these nerves The most con- 
vincing publication, which contains a good review of the hterature, 
IS that by Stohr (1922) He gives beautiful illustrations of nerves 
and nerve endings on the fine pial vessels 

Taking all tlus evidence into consideration, it would seem that 
vasomotor control of cerebral vessels is now established One must 
be guarded, however, m drawing chnical conclusions Physiologically 
It has been shown that cerebral vessels may constnet and dilate in 
response to appropnate stimulation, but in anesUietized animals the 
changes are not of a great magnitude, and may be overcome by large 
vanations in systemic pressures Hill’s fourth statement, stnctly 
speaking, still holds “There is no evidence of a causation of cerebral 
anemia bj spasm of the cerebral artenes ’’ Real obliterating angio- 
spasm has only been seen when vessels arc strongly and locally stimu- 
lated under non-physiological conditions — Florey (1925), Wolff (per- 
sonal communication) Recent mvestigitions, however, certainlj 
make vascular spasm a much more reasonable working hjiiothesis 
tlnn it was 30 years ago 

LJJcd o/ sympathcclomy Kussmaul and Tenner (1859) caused 
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convulsions in a rabbit in which one carotid was tied, by faradization 
of the cervical sympathetic on the opposite side Apparently no such 
observation has been made in the monkey or in man 

if seizures are indeed due to vasomotor constriction of artenal 
vessels, one would expect that removal of the cervical sympathetic 
chams might prevent them Such an operation, performed on 24 
patients by Alexander (1889), has been used at intervals since The 
results have been generally disappointing Of recent authors, 
Wagner (1925) cites two cases without distinct improvement Tinel 
(1925) gives a single case with absence of seizures for 6 months fol- 
lowmg operation as agamst several grand mal daily for the previous 
3 years Bojovitch (1925) found improvement in 3 operative cases 
Babitzky (1925) suggests a combination of sympathectomy and de- 
compressive operation of the skull but does not give the results from 
such treament Hirsch, Weiss, Izgur and Lauerman (1927) obtained 
improvement in 4 of 9 patients in whom sympathectomy was per- 
formed This operation performed in dogs did not show changes 
in the subsequently injected intracramal blood vessels 

As Foerster (1923) suggests, sympathectomy should be confined to 
patients who show evidence of abnormal function of the cervical 
sympathetic system. In one such patient of ours, who had a well 
marked Homer’s syndrome, which was exaggerated at the tune of 
seizures, unilateral cervical sympathectomy was performed. For 
many months before the operation the patient had several seizures 
daily For a week after the operation seizures were absent, then 
reappeared, later to disappear entirely. Mental condition was 
improved 

Effect of vasodilators Popea and Eustatzion (1927) in 16 patients 
found that inhalation of amyl nitrite averted or suppressed 
convulsions. 

Effect of carotid compression Clmical observations concerning the 
eSect of suddenly shutting off the blood supply to the brain have been 
made by many authors Kussmaul and Tenner (1859) in six-non- 
epHeptic subjects produced convulsions in two by compression of 
carotids Flesch (1915) produced typical seizures m three patients, 
one with generalized convulsions, one with Jacksonian epilepsy, and 
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one ■nith hysteria TsiminaJus (1915) made observations of 30 non- 
epileptic persons, in all of whom compression of the carotids for one 
minute or less produced loss of consciousness without muscular twitch- 
mgs In 116 epileptic patients loss of consaousness occurred not 
later than 30 seconds after compression, and “in a majority” seizures 
occurred which were lighter than unmduced seizures Patients suf- 
fenng from Jacksonian epilepsy had the induced convulsions on the 
usual side Nine patients whose seizures i\ere at mfrequent intervals 
had no seizure after compression He gives 14 case histones but no 
detailed tabulation of the results with the whole group of patients 
Compression was also practiced in 42 cases of hystena These pa- 
tients said the resultmg seizures were similar to spontaneous spells 
Loewy (1916) on tlie other hand, failed to produce seizures 

These observations, together with experimental ivork on anunals 
by many authors, show that deficient blood supply to tlie bram may 
be assoaatcd with fits The rationale of decreasing blood supply as a 
therapeutic measure is not clear Nevertheless, vanous authors have 
reported improvement m patients followmg permanent compression 
or hgation of certam artenes to the bram Alexander (1889) hgated 
both vertebral artenes in 36 patients, of whom eight were “practically 
cured ” One or both carotids have been ligated with benefit by the 
following authors Parker (1907), one case, Momburg (1914), two 
cases, and Eastman (1915), three of sue cases 

Summary With the demonstration that cerebral artenes are under 
vasomotor control, the old conception that fits are the result of 
vascular spasm stands in the foreground Fmal proof is lacking 
Study of this and other phases of the blood supply to nerve cells should 
be a ncli field for further exploration 

Autonomic nervous system 

The chief interest m the autonomic nervous system hes in its rela- 
tion to vasomotor control of cerebral artenes This has been discussed 
in a previous section If there is a disturbance of the cervical sym- 
pathetic system in epileptics, as some authors beheve, we should expect 
csadcncc of disturbance m other portions of tlie system 

Guillaume (1922) desenbed dermographic reactions of the skin 
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wMch became pronounced foUowmg a seizure and wbich coincided 
with a fall of blood pressure Loewy (1922) considers that both 
migraine and epilepsy are expressions of disorder of the vegetative 
nervous system Bolten (1924) ranges yet farther afield He beheves 
that the edema of urticaria, asthma, migraine, dysmenorrhea and 
epilepsy is due to vasomotor disturbances that are induced by circulat- 
ing toxins Therapy by means of protem injections acts by paralyzmg 
the sympathetic system Langeron (1925) describes the various 
symptoms m epileptics that result from a disturbance of the sym- 
pathetic system. Tracy (1926) in a collection of previous scattered 
publications reiterates his behef that essential epilepsy is a disturbance 
of the S 3 mpathetic nervous system As evidence for over-active 
vasoconstriction, he states that the white line which follows stroking 
of the skm occurs more quickly in epileptic persons than in others, 
and that epileptics show the presence of permanent small white spots 
on arms, hands or face These spots were present in 71 of 79 insti- 
tutional patients exammed and were “mvanably” found in “hundreds 
of cases” examined since They may antedate the onset of convul- 
sions He does not state in what proportion of patients the paral 3 rser 
of the sympathetic system which he uses (oenanthe crocata) is effec- 
tive in decreasmg seizures 

Clearly vasomotor over-activity, as evidenced by areas of cutaneous 
vasoconstriction, cannot be held exclusively responsible for seizures, 
because many healthy persons present white spots similar to those 
which Tracey describes Their number is too great to permit the 
assumption that they are in the preconvulsive stage of epilepsy. 

The vagus Concerning the effect of paralysis of the vagus, Popea, 
Eustatziu and Holban (1925) m 45 patients applied tests with atropin 
combined with change of posture A seizure resulted withm 10 min- 
utes in 6 subjects, within 30 minutes m 1 and within 20 hours in 15 
The degree of cardiac slowing which attends compression of the eye- 
balls has been used as one test of the degree to which the vagus may be 
stimulated Roubinovitch and Chavany (1921, 1923) applied the test 
in 80 patients, 25 of these showed a slowing of more than 25 beats 
Because the results were inconstant, they lay stress instead on the 
tacliycardia which occurred after the release of compression in 50 of 
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the 80 patients Vergara (1922) found either increase or decrease in 
the oculo-cardiac reflex after seizures but not m the interval between 
Marchand and Adam (1923) examined 43 patients of whom 46 per 
cent shoved a bradycardia dunng pressure and 48 per cent a residual 
tachycardia, results which did not difi'cr greatly from the response of 
normal subjects Abnormality was less frequent m patients taking 
luminal Claude, Tinel and Santenoise (1923) made graphic records 
of results The epileptic patients showed marked vanation from time 
to time In patients havmg frequent seizures, the reflex was most 
increased It was increased before a seizure and normal or inverted 
after Tinel and Santenoise (1924) report two patients who had an 
active oculo-cardiac reflex Bolten (1924) considers the test impor- 
tant Felsam (1924) considers the pure epileptic vagotonic while 
others consider him sympatheticotomc 

These various observations viewed separately do not appear im- 
portant Taken as a whole, however, they indicate that many pa- 
tients -with epilepsy present evidence of a lack of balance of the 
autononuc system Such demonstration is unportant because of the 
possible causal relationship to seizures through alteration in the blood 
flow of the bram This is a phase of the problem that is of major 
importance and that deserves thorough study Because the auto- 
noimc system is so protean m itsmamfcstations, observations should be 
comprehensive, dealmg with such venous factors as capillary per- 
meability, intensity of vasomotor reactions, response to vanous drugs, 
and the presence of such symptoms of autonomic inbalance as 
cyanotic extremities, sweating, flushing, excessive lacnmation or 
salivation, frequent unnation, constipation or diarrhea, sinus ar- 
rythmia, unusual skin reactions, skin pallor as a precursor of seizures, 
etc Such a survey must, of course, embrace healthy as well as 
epileptic subjects, and to cany conviction must record all the tests 
on all the subjects At present the htcrature is encumbered and 
confused with reports of a few cases only, or with reports of one test, 
only, on a senes of cases The large number of patients who give 
evidence of instability of the sympathetic nervous system makes it 
desirable that measures or medicines should be found wluch would 
allow better control of the circulation in the small blood vessels of 
tlicse patients 
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Respiration 

The cessation of respiratory movements during the tonic phase of 
a convulsion and^ the violent breathing which follows is, of course, 
familiar to all. Few attempts have been made, however, to make 
graphic record of the sequence of events, or to study the respiratory 
metabohsm Echeverria (1870) noted a decreased respiratory rate 
with reference to pulse rate in 40 patients. He belived that this 
denoted insufficient o^genation of the blood Eaiauer (1910) re- 
corded respiratory movements by means of a belt about the chest 
during convulsions of a child Scripture (1924) and others have em- 
phasized the monotony and stiffness of speech of epileptics, an expres- 
sion apparently of muscular rigidity. Bornstem (1911) conducted 
interesting experiments with 5 patients whom he caused to breathe 
abnormally high concentrations of CO 2 He used a Zuntz Geppert ap- 
paratus, and expressed results as liters of air respired for each per cent 
of CO 2 in the expired air. He foimd considerable variation in the re- 
sponse but m general a decreased exatability of the respiratory ap- 
paratus to stimulation by means of increasing concentrations of CO 2 
Hundreds of observations were made of these patients, but sufficient 
control evidence is not presented of the response of healthy persons 
to the same test. Amoldi and Ferber (1923) observed a diminution 
m the minute volume of respiration in a patient before a seizure. 
Lennox (unpublished data) has made hundreds of graphic records 
of the pulmonary ventilation of epileptic patients Many of these 
show marked irregularity in the rate and depth of breathmg. The 
records have not yet been thoroughly checked against those obtained 
from a group of healthy subjects Durmg petit mal there was either 
no change or an increased depth of expiration Records made during 
short myoclonic seizures are shown under oxygen consumption (see 
fig 5), Information gathered from a study of the respired gasses 
will be discussed under oxygen consumption and metabolism of food 
material 

Pulmonary infection ranks high as a cause of death among institu- 
tional patients Such infections are a complication rather than a 
cause of convulsions 
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Gasiro-tnfesitnal tract 

Abnonnahties of the gastro-mtestuial tract have been frequently 
accused of playing a prominent part in seizures Clmical grounds for 
this are seen in the inordinate appetites and the constipation which 
many patients show, also m the improvement which often follows the 
regulation of the diet and the bowels Although most chnicians agree 
to the therapeutic importance of a normal functioning of the gastro- 
intestmal tract, they differ widely m then- statements concerning tlie 
madence of intestmal abnormahties and the specific relation of such 
abnormalities to seizures On the one hand many believe that the 
constipation is a result of the poor physical and mental condition of 
patients Others, like Reed (1921) define epilepsy as “chronic con- 
vulsive toxemia” of intestinal origin 

Pathology Here, as elsewhere, our task is not that of weighing 
contrary opinions, but of presenting evidence In what proportion 
of patients is there orgamc abnormality of the gastro-mtestinal tract? 
The available autopsy reports show a surpnsmgly small proportion 
of abnormahties Caro (1917, a and b) in 280 autopsies of institu- 
tional cases found intestmal adhesions and pentoncal bands in 18 per 
cent This was the same percentage found in 775 non-epileptic pa- 
tients autopsied at the Boston City Hospital Caro, therefore, con- 
cludes that constipation in epilepsy is rarely due to congemtal defects, 
but IS from the same causes as in other patients He believes that 
most of the adhesions found were the result, rather than the cause of 
stasis We have tabulated data concerning certain abnormahties 
found m the last 423 autopsies performed at Craig Colony The per- 
centages ofcertainlesionswere as follows Dilated stomacli, S per cent, 
inflammations of the small intestine, non-tuberculous, 9 per cent, 
tuberculous, 3 per cent, inflammation of the large intestine, non- 
tuberculous, 14 per cent, tuberculous, 1 per cent, enlarged mescntenc 
lymph-nodes, non-tuberculous, 9 per cent, tuberculous, 6 per cent 
If one may accept these routine autopsy reports, epileptic patients 
show no greater degree of organic abnormality of the gastro intestinal 
tract tlian other types of institutional patients who have not been 
subject to convulsions 

These conclusions are very different from reports of surgeons hie 
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Respiration 

The cessation of respiratory movements during the tonic ph^e of 
a convulsion and. the violent breathing which follows is, of course, 
familiar to aU Few attempts have been made, however, to make 
graphic record of the sequence of events, or to study the respiratory 
metabolism Echeverria (1870) noted a decreased respiratory rate 
with reference to pulse rate in 40 patients He belived that this 
denoted insufficient oxygenation of the blood Knauer (1910) re- 
corded respiratory movements by means of a belt about the chest 
during convulsions of a child Scripture (1924) and others have em- 
phasized the monotony and stiffness of speech of epileptics, an expres- 
sion apparently of muscular rigidity. Bornstem (1911) conducted 
interesting experiments with 5 patients whom he caused to breathe 
abnormally high concentrations of CO 2 He used a Zuntz Geppert ap- 
paratus, and expressed results as liters of air respired for each per cent 
of CO 2 in the expired air. He found considerable variation m the re- 
sponse but in general a decreased excitability of the respiratory ap- 
paratus to stimulation by means of mcreasing concentrations of CO 2 . 
Hundreds of observations were made of these patients, but sufficient 
control evidence is not presented of the response of healthy persons 
to the same test. Arnoldi and Ferber (1923) observed a dimmution 
in the minute volume of respiration in a patient before a seizure 
Lennox (unpublished data) has made hundreds of graphic records 
of the pulmonary ventilation of epileptic patients Many of these 
show marked irregularity m the rate and depth of breathing The 
records have not yet been thoroughly checked against those obtained 
from a group of healthy subjects During petit mal there was either 
no change or an increased depth of expiration Records made during 
short myoclomc seizures are shown under oxygen consumption (see 
fig 5). Information gathered from a study of the respired gasses 
will be discussed under oxygen consumption and metabolism of food 
material 

Pulmonary mfection ranks high as a cause of death among institu- 
tional patients Such infections are a complication rather than a 
cause of convulsions. 
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Gaslro^nlcstmal tract 

Abnormalities of the gastro-intcstmal tract have been frequently- 
accused of playing a prominent part in seizures Clinical grounds for 
this are seen in the inordinate appetites and the constipation -which 
many patients show, also m the improvement which often follows the 
regulation of the diet and the bowels Although most clinicians agree 
to the therapeutic importance of a normal functiomng of the gastro- 
intestinal tract, they differ widely m their statements concerning the 
incidence of mtestmal abnormalities and the specific relation of such 
abnormahties to sei 2 aires On the one hand many believe that the 
constipation is a result of the poor physical and mental condition of 
patients Others, like Reed (1921) define epdepsy as “chrome con- 
vulsive toxemia” of mtestmal ongin 

Pathology Here, as elsewhere, our task is not that of weighing 
contrary opinions, but of presentmg e-vidence In what proportion 
of patients is there orgamc abnormality of the gastro-mtestinal tract? 
The available autopsy reports show a surprisingly small proportion 
of abnormalities Caro (1917, a and b) m 280 autopsies of institu- 
tional cases found mtestmal adhesions and peritoneal bands m 18 per 
cent This was the same percentage found in 775 non-epileptic pa- 
tients autopsied at the Boston City Hospital Caro, therefore, con- 
cludes that constipation m epilepsy is rarely due to congenital defects, 
but IS from the same causes as in other patients He believes that 
most of the adhesions found were the result, rather than the cause of 
stasis We have tabulated data concerning certain abnormalities 
found in the last 423 autopsies performed at Craig Colony The per- 
centages ofcertainlesionswere as follows Dilated stomach, 5 per cent, 
inflammations of the small intestine, non-tubcrculous, 9 per cent, 
tuberculous, 3 per cent, inflammation of the large intestine, non- 
tuberculous, 14 per cent, tuberculous, 1 per cent, enlarged mesentenc 
lymph-nodes, non-tuberculous, 9 per cent, tuberculous, 6 per cent 
If one may accept these routine autopsy reports, epileptic patients 
show no greater degree of organic abnormality of the gastro intestinal 
tract than other tj-pes of institutional patients who have not been 
subject to convTilsions 

These conclusions are very different from reports of surgeons like 
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Reed (1916a) who states that 100 per cent of the operated cases pre- 
sented dilatation of the duodenum and enlarged retroperitoneal glands 
These patients were, of course, a selected group, referred to Reed for 
operation 

Fiimtional disorders Observations made at autopsy give no in- 
formation concerning the position of the gastro-intestinal tract during 
life or its function Important mformation on these points may be 
gained by X-ray examination Reed (1921) makes a blanket state- 
ment that all epileptics show splanchnoptosis as proved in his 810 
consecutive examinations. The report of Harryman and Donaldson 
(1923) is very different They examined 50 patients following in- 
gestion of a barium meal Twenty-five of these had hypermotihty— 
usually of the colon, nineteen had a shght degree of stasis, and m none 
was there evidence of marked stasis Two showed evidence of ulcer, 
one of ptosis, three of adhesions and thirteen of a chronic inflammation 
of the appendix. Bethea (1927) gives detailed observations in 400 
institutional patients Some of the abnormahties noted were, pylonc 
spasm 25 per cent, dilated stomach 28 per cent, spastic colon 16 per 
cent, colonic stasis 41 per cent, hypermotihty of small intestine 40 
per cent, spasticity 42 per cent These results are indicative of 
autonomic inbalance but need comparison with similar data obtained 
from healthy persons 

Concerning gastric secretions in epilepsy, we have seen only the re- 
port of Felsen (1924) In 53 patients he measured the acidity of the 
gastric juice following the ingestion of water. In 15 per cent there 
was absence of free HCl He was unfortunate in his selection of a 
control group, for the 19 per cent of non-epileptics who also showed 
absence of HCl were found later to be "quite likely” epileptic One 
wonders whether these patients without free HCl had been on a meat 
free diet. 

As previously stated, there is common agreement that patients with 
epilepsy are usually constipated Yet even such a simple statement 
has not been verified by actual observation in a large senes of cases 
Nielson (1925) compared 200 epileptics with an equal number of 
non-epileptic patients. The percentage who were constipated was as 
follows, idiopathic epileptics, 87 per cent, symptomatic, 78 per cent, 
non-epileptics, 66 per cent. Unfortunately Nielson does not give his 
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criterion for constipation Vining (1922) stated that in 194 patients, 
one-third had a history of “bilious attacks ” He had no control series 
Although the direct evidence of organic or functional abnormahty 
of the gastro-mtestinal tract in epileptics is surpnsingly meager, there 
are a number of clinical reports in which the matter has been put to 
therapeutic test Robertson (1924) states that m 500 patients with 
chronic intestinal stasis, 27 had convulsions Fifteen of these 27 re- 
ceived adequate treatment Five were made free of seizures and all 
but four were improved Single case reports are given by Barclay 
(1917) and Block (1923) Kopeloff, Lonergan and Beerman (1925) fed 
12 patients mth a hter of aadophilus milk daily, in four, seizures were 
reduced Kaolin was given to another group without benefit In 
three patients wath poor posture and x-ray evidence of ptosis of the 
stomach and transverse colon, Lennox and Brown (unpublished data) 
have seen complete cessation of seizures following orthopedic treat- 
ment for correction of the posture One child in the eleven months 
before the begirming of treatment had had 175 major and thousands 
of minor seizures A few weeks after the beginning of treatment, 
seizures ceased and have not reappeared m the five years which have 
elapsed smee In such cases it is not clear whether benefit is due to 
relief of constipation, to improvement of mtra-abdommal arculation, 
to increased ventilation of the lungs, or to decrease of fatigue as a 
result of improved musculature Possibly all are concerned 
Axtell (1916) found angulation and fecal impaction of the sigmoid 
in 45 patients, 8 of whom became free of seizures following medical 
treatment A more drastic therapeutic measure is the surgical re- 
moval of a portion of the intestinal tract Reed (1916a and 1920) 
has performed hundreds of such operations on patients who presented 
the picture of toxemia (low temperature and blood pressure) and in 
whom he demonstrated ptosis, stasis, ulcerations of the colon and 
enlarged mescntenc lymph-nodes He is able to recite a number of 
mstances m which relief of symptoms followed removal of a portion 
of the cecum or colon His contentions do not carry conviction be- 
cause he does not state the proportion of patients benefited nor the 
operative mortality Armstrong (1926) reported two pabents m 
whom there was ccssabon of attacks followung coicctomv On the 
other hand, Brewster (1922) performed colcctomj on 12 patients wrth-i 
out relievnng anj ' 
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In patients who do have chronic intestinal stasis, the part played 
by this stasis in causing convulsions is not clear. The opinion of Pur- 
cell (1702) is essentially that held by many clinicians to-day “When 
tlie Ahments are not well digested, they turn into Crudities, these 
Crudities by httle and little gather together in the Wnnkles and 
Folds of the Stomach and Guts, where they lie for some time 
till at last they are so dissolved and hquefied as to enter by 

the MUky Veins into the Blood, where they produce all these 
Accidents . ” 

We do not know whether such “crudities’^ or “toxins” are normal 
food products prematurely absorbed, are abnormal “split products,” 
or are the products of bacterial growth Geyelin (personal communi- 
cation) has injected an extract of the fecal material of patients into 
dogs with resulting convulsive reactions which were more marked 
than those obtained from the control material 

Because of the widespread climcal opinion that constipation plays a 
contributory part in the production of seizures, investigation of the 
gastro intestinal tract should be a fruitful field for research We need 
controlled quantitative observations of the extent of constipation in 
epileptics, with data as to the beginning of this symptom in relation 
to the onset of seizures, also bacteriological and chemical studies of 
the contents of the colon in these patients 

Liver. Theories concerning the mechanism of seizures occasionally 
include the liver in the cham of reasoning This is because of the 
x61e played by the liver as a detoxifying organ, as illustrated by the 
fact that dogs in which the portal blood is shunted around the liver 
have convulsions when fed meat Normally the weight of the hver 
IS greater than that of the brain In 42 cases of epilepsy studied post 
mortem, Thom (1916) found that contrary to the usual condition, the 
brain was heavier than the hver m 62 per cent Apparently micro- 
scopic examination of the hvers was not made. Lalor and Haddon 
(1920) in 25 epileptic patients found the average weight of brain and 
liver was in the ratio of 35 to 33. They beheve that the fibrosis which 
they foimd was the result of contmued toxic action. In 423 autopsies 
performed at the Craig Colony the proportion of cases showing certain 
conditions of the liver was as follows: Atrophy 0.9 per cent, hyper- 
trophy 2 per cent, fatty liver 17 per cent, adhesions about gaU bladder 
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4 per cent, cholelithiasis 5 per cent Lind (1926) reports fibrosis of 
the liver in 64 per cent of 259 cases, apparently microscopic examina- 
tion vas not made Because the liver is such an important organ, 
and because the aboxe mentioned reports areso divergent, this question 
IS worthy of more complete study In eclampsia there is often 
evidenceof decrease of In er function, as show n by deficient elimination 
of injected dyes Dysfunction has been reported in migraine by' 
Diamond (1927) We have seen no reports of liver function tests in 
epilepsy The fact that blood fibrinogen in epileptics in oftentimes 
high may' indicate the presence in these patients of some mild irritatn e 
condition of the liver 

Siitmuary A widespread belief that the gastro-intestinal tract 
plays a prominent role in seizures is not supported by convincing data 
in the literature Apparently' organic or functional abnonnalitics 
are not more common in epileptic than m other nervous patients 
We are without direct evidence of a toxic substance arising in the 
intestines that may contribute to scirures I'resumably distension 
of the colon may cause nerve fatigue by over-stimulation of sen'-orv 
nerves or it may be that the elTccl is due simply' to the general physical 
fatigue and lowered physical fitness which oftentimes accompanies 
constipation 

Basal metabolism (owgen coitsiimfilwii) 

'Vbnormahty in the amount of oxv'gcn which a person consumes fin 
the absence of such conditions as inanition, fever, anemi i and leukae- 
mia) IS usually an indication ol eiidocnnc disturb nice There are 
comparatively' few observations concerning the basal metabolic rite 
in epilepsv Boothbv and bandiford (1922) in 32 epileptics found that 
the rate in 23 per cent w as below minus 10 per cent Talbot Hendry 
and IMoriartv fl92 1) in 11 epileptic children found the rate mere i-ed in 
nine A bed calorimeter w is used Bowanan and I ry (1925) in 15 
pUients and Xielson (1925) in IS p'>tients obtained average riadings 
of minus 2 ind minus 10 per cent respeclivdv DtCrinis fI92s) did 
extensive respiratory exTienments on 7 patients but did not calctil ite 
their basal mi tabolic r ili ' J riseh ^1927) in 40 women found positive 
values “iri tin niajoritv ’ I ennox iiid \\ right (1928) h ivi measured 
the has il mi I d ohe r ilc of 1 30 patients Of thc-c O'- jur cent Were 
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between plus or minus 10 per cent, the stnct limits of normal 
Twenty-three per cent were below minus 10 per cent, and 12 per cent 
were below minus IS per cent The average reading for the whole 
group was minus 3 per cent 

From these preliminary data one may say that the majority of adult 
patients with convulsions, have either a normal or a reduced rate of 
oxygen consumption In our senes, patients with reduced rates did 
not show chnical evidence of myxedema Some patients had evidence 
of hypopituitansm, some had faulty body mechanics, some seemed to 
correspond to the low rate, symptomless group which workers in 
vanous metabolism clinics have encountered Concerning fluctuations 
from time to time in a basal metabolism of the same patient, Frisch 
(1927) obtained differences as great as 40 per cent He did not present 
control observations to show that these vanations were not due to 
techmcal difficulties In a number of fasting patients we have made 
daily measurements of the oxygen consumption, cliarting them against 
tlie frequency of seizures (see fig 12) Though there was no constant 
correlation between the two, in general both oxygen consumption and 
seizures were reduced during fasting In several instances we ad- 
ministered thyroid during fast with resulting increase in seizures 
It IS possible that low metabolic rates in patients are a mechanism 
of defense 

The foregoing observations have to do with the oxygen consumption 
m interparoxysmal periods Long ago the theory ivas advanced that 
the immediate cause of seizures was a decrease m the oxidative proc- 
esses witliin the body DeCnnis (1925) stated that he had found a 
decrease m oxygen consumption and carbon dioxide production im- 
mediately before a seizure, but did not present convincing data 
Arnoldi and Ferbcr (1923) m one patient observed a decrease in the 
amount of oxygen consumed before a convulsion In vieu of tlic 
methods used and the variability m metabohe rates m healtliy subjects 
from time to time, these isolated observations are not sigmficant 
\Vc ha\ e grapluc records of the oiy gen consumption of patients having 
petit mal or mild convulsive seizures (fig S) They do not show sig- 
nificant change in the amount of oxygen used, cither before or after 
the spell, except in instances m which muscular wnrk was involved, 
when the consumption was mcreased 
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We must remember that measurements of the basal metabolic 
rate record the oxygen consumption of the whole body, and changes 
in the rate of oxidation in nervous tissues alone would probably not 
make a measurable difference. These observations, therefore, do not 
prove that a decreased oxidation in the brain is not related to seizures. 
Indeed in our patients having frequent seizures daily, we have 
demonstrated that anoxemia may induce an attack. One of our 
patients is a girl who has many short, clonic seizures daily If 
she breathes into a portable metabolism machine, the bell of which 
is filled with room air (expired COj being absorbed) she invariably 
has seizures when the oxygen content of the respired air has fallen 
to 8 or 9 volumes per cent These attacks are similar to her spon- 
taneous ones, they recur at intervals of a few seconds until oxygen is 
admitted into the bell, when seizures cease, not to return till the oxygen 
which was admitted has been consumed. Record of one such experi- 
ment is shown in figure 7. Although acute anoxemia is accompanied 
by alkalosis, due to the increased lung ventilation and elimmation 
of CQz, in these experiments alkalosis must have played but a minor 
part, for the records show only slight increase in the respiratory rate 
and, when the spells occurred, the CO 2 content of the venous blood 
was not changed. We found that by having this patient breathe an 
oxygen-rich atmosphere, seizures from over-ventilation can be pre- 
vented (see fig. 8). Probably anoxemia is a factor which is effective 
only in patients whose seizure mechanism is equipped with a hair 
trigger We failed to produce seizures by this means in several other 
patients whose spontaneous seizures occurred at relatively infrequent 
intervals. 

In resume, we may say that the decreased oxygen consumption 
which many patients show may be a mechanism of defense, for ar- 
tificial stimulation by means of thyroid feeding often increases sei- 
zures There seems to be no change in the rate of oxygen consump- 
tion before seizures, but if a patient having frequent seizures breathes 
oxygen-poor air seizure may result Other data are given on page 229 

Endocrine glands 

Many physicians have attempted a correlation of seizures with ab- 
normality in the functioning of the glands of internal secretion Such 



EPILEPSY 


171 


;orrelation is difficult because of the incomplete state of our knowledge 
loncermng the clinical manifestations of disordered function of the 
ranous glands, and because of the difficulty of applying specific 
therapy when abnormahty is found Many of the contnbutions m 
the hterature are in the form of isolated case reports 

The thyroid gland Apparently few careful post-mortem studies 
have been made of the thyroid gland m epileptics 

Buscamo (1922) descnbed crystals representmg abnormal protems 
m the thjToid glands of 71 per cent of epileptic patients and 14 per cent 
of normals He considers that seizures are an anaphylactic cnsis, 
due to these protems, and proposes throidectomy and the oral admis- 
istration of thyroid substance He also states (1924) that both epi- 
lepsy and goiter are most frequent near the sea The prophylaxis of 
the two conditions is the same Vanous French authors have de- 
scribed flattemng of the epithehal cells, whereas German investigators 
have found no histological changes There is considerable difference 
of opmion concemmg the frequency of convulsions in states of hy- 
pothyroidism and hyperthyroidism Serejski (1926) has recently 
rcvjcived the hterature and adds 4 cases jn which patients with con- 
vulsions had signs of hyperthyroidism Basal metabohc rates were 
not measured In our expenence the coexistence of hyperthyroidism 
and epilepsy is rare In fact, we have seen only one such patient, a 
woman with well marked signs of exophthalmic goiter and a basal 
metabolic rate 37 per cent above the average normal 

Evidence tliat seizures may be assoaated wnth hypofunction of the 
thyroid gland is more abundant As we have mentioned above, 
about one-fourth of the 130 patients exammed by Lennox and Wnght 
(1928) consumed an abnormally small amount of oxygen, per umt 
of body surface It is not certain, however, that this is due to hypo- 
function of the thjroid, for these patients were not myxedematous 
They found by chance that mothers of two of the low rate patients 
had definite myxedema In our expenence, raising the basal meta- 
bolic rate of patients to the normal Jcxel by means of thyroid gland 
was not accompanied by a decrease in the ‘ y of seizures 
Bolten (1914) considered that essential i 
autointoxication produced ' . 
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tract, with the formation of intermediary toxic products of metabohsm. 
Such intoxication, he believed, was due to hypofunction of the thyroid 
and parathyroid glands Treatment should consist in the rectals 
administration of these glands Such treatment (1915) of a “large 
group” of patients during the previous 10 years had resulted in two 
patients being free of seizures for 10 years and 20 being free for a period 
of from 3 to 10 months, hardly a striking result The reason for 
administering fresh glands by rectum rather than by mouth is not 
given Gordon (1908) in 6 patients and Demole (1924) in one noted 
improvement following the administration of th3n:oid. The patients 
of Prior and Jones (1918) and of Kafka (1923) were made worse 
Concerning animal experimentations, Fischer and Fischer (1914) 
tried the effect of amyl nitrite convulsions on two animals previously 
thyroidectomized. Because these animals showed marked convul- 
sions, they concluded that loss of thyroid intensifies seizures. The 
meagemess of the material and the fact that the experiments were not 
controlled make this evidence useless. Uyematsu and Cobb (1922) 
found that susceptibility of rabbits to induced convulsions was ap- 
parently increased by thyroidectomy and decreased by thryroxin 
Elsberg and Stookey (1923) confirmed the effect of thyroidectomy. 
Hammet (1926) has made the mteresting observation that following 
the removal of the thyroid and parathyroid glands in animals there is 
an abnormally low water content of the brain and spinal cord. 

Except in rare instances there is no evidence that there is abnor- 
mality in the function of the thyroid gland in epilepsy, or tnat the 
administration of thyroid gland is of value. 

Parathyroid glajids and tetany. Because of the analogy with the 
convulsive phenomena of tetany, the question of the fimction of the 
parathyroid glands m persons with imexplained convulsions is an 
important one. Evidence concerning the parathyroid in epilepsy may 
be obtained at necropsy, from measurements of calcium and phos- 
phate in blood and spinal fluid, from measurements of the excitabihty 
of nerves, from data concemmg the coexistence of tetany and epilepsy, 
and from observations concemmg the effect in epilepsy of measures 
which are effective in the treatment of tetany. 

Reports concerning the condition of the parathyroid glands at 
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necropsy arc meager VoUand (1910) in 24 cases found abnormality 
of a parathyroid in one 

Evidence concemmg the concentration of calaum and of phosphates 
in the body fluids in epilepsj is reviewed under aad-base relations 
Little evidence of abnormality has been found Bisgaard (1925) saw 
a common factor m the disproportionate excretion of ammoma which 
patients with tetany and epilepsy exhibit In both conditions the 
administration of parathyroid glands tended to diminish this 
abnormality 

Investigations have been made to determine whether epileptics 
present alterations in the exatability of nerves, as measured by the 
reaction to the galvanic current Fnsch and Walter (1922) in a few 
epileptic patients tested daily, found an increase of nerve irritability 
to galvanic current as the day of seizure approached Romer (1923) 
in 250 patients demonstrated mcreased exatability of nerves in 16 per 
cent A small number of these gave a historj of spasmoplulia in 
duldhood Hopmann (1925) in 4 patients tested exatabihty of mus- 
cle before and after seizures without £ndmg any change 
As to whether tetany may pass into epilepsy, or whether the two 
conditions may coexist, there is a wide difference of opmion 

Redlich (1911) in a 36 page article, gave a complete review of the 
cases in which there has been coexistence of tetany and epilepsy 
Perhaps the clearest assoaation is seen m the group in which para- 
thyroid glands had been removed surgically Although symptoms of 
tetany appeared immediately, m many instances generalized convul- 
sions did not begin for months afterwards An interesting observa- 
tion IS the one that many epileptic patients have Chwstek’s sign 
without other endence of tetanj Fuchs (1917) recited instances 
in which soldiers who ate bread made from spoded corn containing 
ergot had tetany and generalized convulsions Both ceased w hen this 
bread was eliminated from the diet Cursclimann (1918) added a few 
case reports of patients presenting evidence of boUi tetany and 
epilepsj who were relieved by small amounts of CaCl Fischer md 
Lejser (1922) in a 40 page review of tlie literature which contains no 
references presented arguments for a common basis of tetanj' and 
epilepsj in a disturbance of endocrine function Thom (1924) t**eed 
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the after history of 29 children who, on hospital entrance, were 
diagnosed as having spasmophilia Sixteen of these later became 
subject to recurring convulsions or detenorated mentally. Powers 
(1925) told of an infant of 7 weeks with generalized convulsions 
apparently the result of birth injury, whose blood chemistry, electrical 
reactions and response to treatment made the diagnosis of tetany 
certain. Kalischer (1926) and Sachs (1926) beheve tetany and 
epilepsy are not related 

Many of the reports concerning therapeutic results from the oral 
adrmnistration of calcium are without significance because of the lim- 
ited number of patients treated or because of the small amounts of 
calcium given. Obregia and Urechia (1914) injected 5 to 10 cc of 
10 per cent solution of CaClo into the subarachnoid space of 86 pa- 
tients The injections were accompanied by reaction, temporary 
paralysis of legs and some decrease in seizures Data are not given 
Small amoimts of calcium chloride were injected intravenously by 
Petzetakis (1925) in two patients with good effect and by Klein and 
Forcione (1927) in 14 patients with bad effect Frugoni and as- 
sociates (1926) believed they cured a man suffering from tetany and 
epilepsy by implantation of parathyroid glands Massaglia (1924) 
gave insulin to 4 dogs in which 3 to 4 parathyroid glands had been 
removed One animal died in convulsion and 2 others had tetanic 
spasms of the hind legs. Four normal dogs given insulm as controls 
suffered no symptoms He considers it possible that some forms of 
epilepsy may be the result of decreased parathyroid and increased 
pancreas function 

With our present ability to mobilize calcium by means of subcutane- 
ous injection of the parathyroid hormone prepared by Colhp, one is 
in a position to determine the influence of changes in calcium content 
of the blood on seizures. Sherrill and Copp (1926) speak of one case 
in which there was freedom from convulsions when serum calcium 
was kept high by this means Madson (1927) saw reduction of 
seizures m 3 of 5 epileptics treated with Colhp’s parathyroid. How- 
ever, he gave the preparation by mouth, a method which is almost 
without effect, and he made no measurements of blood calcium. One 
of our patients who had certain evidence of tetany was given in 12 
days 500 units of parathyroid hormone intravenously, together with 
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large amounts of calcium lactate by mouth, without affecting either 
the seizures, the Chvostek’s sign, or the concentration of serum 
calcium 

In resume we may say that only m the exceptional patient is there 
evidence of coemstence of tetany and epilepsy The calcium con- 
tent of body fluids in epileptics is normal and patients do not receive 
benefit from admimstration of calaum or parathyroid gland On 
the other hand, there is some common ground for these two con- 
ditions because procedures which will preapitate tetanic muscular 
contractions in persons predisposed to tetany wall also precipitate 
convulsive seizures m patients with epilepsy Collip (1926) has re- 
viewed the conditions which will induce tetany Some of these are 
Any salt which will preapitate calaum m the tissues and body fluids, 
intravenous injections of large amounts of sodium chlonde or sodium 
bicarbonate, forced ventilation of the lungs, and conditions of anoxe- 
mia CoUip states that at least three factors mfluence the production 
of experimental tetany, namely, tissue anoxemia, disturbance m ionic 
eqmhbnum and pH As we show m other sections of this paper, 
these three factors may also preapitate convulsions in epileptic pa- 
tients They increase the irritability of nerve tissue, and m this way 
bear a fundamental relationship to both tetany and epilepsy, possibly 
there is also a relationship to other conditions m which tlierc is poten- 
tial hyper-exatabihty of nervous tissue In addition, certain con- 
ditions which improve tetany, as admimstration of aad-forming salts 
and breathing of COj (Swingle, Wenner, and Stanley, 1927) may 
favorably influence epileptic seizures The study of this problem 
would seem to offer a fruitful field for future research 
Adrenal gland The adrenal glands arc often accused of being im- 
plicated in the mechanism by wluch seizures are produced The ana- 
tomical findmgs are not impressive Volland (1910) m 40 autopsies 
found abnormality of an adrenal gland (tuberculosis) once In 359 
autopsies performed at the Craig Colony 8 per cent showed abnormal- 
it> , usuollj hypertrophy of the adrenals Popea and Eustatziu (1925) 
found almost complete absence of lipoid material in the adrenal cortex 
of two patients who died in status They suggest tliat this material ^ 
was exhausted in combating the toxemia produced by the tnusttular 
exertion of seizures 
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That excess secretion of the adrenals may, on occasion, predpitate 
a seizure is suggested by the fact that seizures sometunes follow the 
subcutaneous injection of adrenalin Benedek (1918) discussed the 
possible influence of the adrenal glands and gave (1923) the results of 
adrenalin injections in patients Seven of the 19 epileptic patients 
who received from 1 to 1 5 cc of tonogen had typical seizures within 
one-half hour after the injection In three patients in whom there 
was no effect, injection of tonogen and thyroid gland resulted in a 
seizure in one Injection of pilocarpm apparently stopped a seizure 
in one case He suggested that adrenalin acts by altering the blood 
supply of the brain Bertolani (1926) injected adrenalin up to 3 cc. 
in a group of 48 patients Three of these had seizures. He con- 
sidered the results negative Freidman and Lennox (unpublished 
data) have injected adrenalin in patients on 70 occasions, precipitating 
a seizure only once. Amounts of adrenalin injected were many times 
larger than the amounts secreted by the adrenals 
Fischer (H.) and Fischer (J ) (1914) started a wave of mterest in 
the adrenal glands in epilepsy through certain animal experiments 
They produced convulsions in 22 rabbits by causing them to inhale 
8 to 12 drops of amyl nitrite On autopsy the adrenal glands showed 
a lack of chromaffin staining material They suggested that hyper- 
function of adrenal and parathyroid glands increased the severity of 
seizures Fischer (H ) (1920-1921) contmued the observations begun 
in 1914. He gives protocols of 4 experiments in which an adrenal 
gland was removed Inhalation of 12 drops of amyl nitrite before the 
operation would produce a convulsion, whereas 15 drops after the 
operation would not Fischer believed that the convulsive capacity 
of the animals was dimimshed by the adrenalectomy. From these 
experiments, he concluded that the tonus of striated muscle is increased 
by adrenalin and decreased by adrenalectomy, and that in the latter 
condition there is a heightened threshold for convulsions Apparently 
there were no control experiments to determine whether anesthetiza- 
tion and the severe operative procedure involved in adrenalectomy 
might in themselves result in a decreased response to the convulsant 
drug Wertheimer and Dubois (1922) criticized the experiments 
because Fischer used rabbits, animals which are not subject to con- 
vulsions from cortical stimulation These authors used dogs and 
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found that removal of the adrenals did not hinder convtdsions pro- 
duced by mtravenous injection of strychnine Specht (1922) re- 
peated Fischer’s experiments, usmg tetanus toxin instead of amyl 
mtnte and found no difference in reaction between operated and con- 
trol arjmals In other experiments m which they used amyl nitrite 
with 130 gumea pigs and rabbits, they were not able to stop convul- 
sions by extirpation of a gland We need not follow the heated discus- 
sion between authors which ensued 

On the basis of this inconclusive animal work, a number of German 
surgeons repeated the experiment in patients Brdning (1920) per- 
formed one-sided adrenalectomy on 9 patients, two of whom were 
freed of seizures Favorable results were reported by Sdndor (1921) 
in four cases, Fisdier (H ) (1922) in one case, and Klienebergcr (1922) 
in one case in which an adrenal was removed, and 12 cases in which 
It was irradiated The negative votes, however, soon outweighed the 
positive Peiper (1921) in 7 cases, Stemthall (1921) in 7 cases, Cordua 
(1921) m 1 case, Sultan (1922) in 5 cases, Heymann (1922) and Engel- 
brecht (1922) m 10 cases, Jung, G6za and Szdr&dy (1922) in 9 cases, 
Kutscha and Lissberg (1923) in 11 cases, KUttner and Wollenberg 
(1923) m 4 cases, and Schonfeld (1923) m 10 cases, reported unfavora- 
ble results LitUe is said concerning operative mortahty Chian 
(1922) removed an adrenal gland from a patient who later developed 
symptoms of Addison’s disease 

Neither the inconclusive expenmental studies nor the negative ef- 
fects of adrenalectomy prove that the adrenal glands may not play 
a part in the mcchamsm of seizures How ever, if there were any great 
increase in adrenal secretion before the onset of seizures, the heart 
rate, blood pressure and blood sugar would show an increase, nhich 
they do not Dunng the seizure, as in anj muscular effort, the ad- 
renalin output must be greatly increased 

PtUiitary gland Cushing's work (1912) suggests that the internal 
secretion of the pituitary gland enters the spinal fluid, bathes the cor- 
tex of the bram and thereby reduces its cxatabihtj It is possible, 
therefore, that a decrease m the secretion of tlie pituitarj or adhesions 
of the pn preventing access of the fluid to the brain, would contnbutt 
to the production of seizures Furthermore, it is well known that tu- 
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mors of the pituitary gland are often associated with con"vulsions, as 
"was noted, for example, in 18 of 98 cases in Cushing’s senes 

The data from autopsy material are limited Munson and Shaw 
(1914) found no constant changes of the pituitary in a series of 22 
autopsies. Of 100 glands exammed at the Craig Colony, the average 
weight was 544 mgm or 10 per cent below normal 

In the li'ving patient, indirect information concerning the size of 
the pituitary gland may sometimes be gained through examination 
of visual fields, measurement of intracranial pressure, and x-ray of 
the sella turcica. E'wdence concerning disturbed function is gained 
through study of the body type, distribution of hair, the type of blood 
sugar curve, presence of pol 3 mria, etc. There are a number of case 
reports in the literature in which indi"vidual patients or small groups 
of patients "with con"vulsions gave evidence of abnormahty of the pitui- 
tary gland In some of these there was improvement under adminis- 
tration of pituitary extract Redlich (1914) cited two patients in 
whom clinical signs were xmusually well marked. Loughlin (1915) 
told of a girl of 16 who gained 50 pounds in weight in one year and 
whose seizures were less severe while she took pituitary extract. 
Rubenson (1917) described a boy whose diabetes insipidus and sei- 
zures improved following the injection of pituitrin. Tucker (1919) 
in 200 patients "with epilepsy thought he found e-vidence of pituitary 
disturbance in nearly one-third, 28 were distinctly endocrinopathic 
and were treated "with gland substance, 5 had been free of seizures for 
3 years The foUo"wing authors give case reports concerning the stated 
number of patients. Prior (1921) and Blumgarten (1921) 5, Malamud 
(1922) one, Lowenstein (1922) 16, and Lisser and Nixon (1923) 6 
Some of these patients improved while under treatment with pitui- 
tary gland. 

Only a small proportion of patients "with convulsions show clear-cut 
evidence of pitmtary gland disturbance antedating the onset of con- 
"vulsions In such patients seizures seem to bear a dose relationship 
to disturbance of the gland. This indicates that the intimate ana- 
tomical relationship of the pituitary to the brain may have a physio- 
logical significance 
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Thymus gland Volland (1910) m post-mortem examinations of 100 
epileptic patients found a persistent thymus m 20 In 423 examina- 
tions at the Cnag Colony a persistent tliymus was reported in only 
three, 0 7 per cent Even case reports are few Pnor and Jones 
(1918) stated that 4 of their patients were better while eating thymus 
gland Browning (1920) and Lennox and Cobb (unpublished data) 
each treated a patient who gave evidence of persistent tliymus 
Our patient was an 18 year old girl who presented no physical ab- 
normahty other than slight dysmenorrhea, obesity, and decrease in 
basal metabobe rate She was studied very thoroughly, imderwent 
two fasts without benefit, and was later found dead m bed Autopsy 
showed no cause for death or seizures other than a condition of status 
lymphaticus The thymus gland weighed approximately 200 grams 
The ovaries contained numerous cysts and the uterus was infantile 

Gonads There is little in the literature concernmg the relationship 
of sex glands of the male to seizures There are scattering reports 
of convulsions which have developed after castration but apparently 
seizures arc not unusually common m eunuchs 

The question of the mfluence of the gonads in females has received 
more attention This is probably because of the well-known fact 
that many female patients frequently have seizures near the time of 
menstrual penods 

The single experiment by Fischer (H ) and Fischer (J ) (1914) 
in whicli a pregnant rabbit had an unusually severe convulsion after 
administration of amyl mtntc was entirely uncontrolled Rebattu, 
Mellon and Sedailhan (1922) in 100 female patients thought there 
was relationship between seizures and menstruation in 35, of 94 pa^^ 
tients, 8 began to menstruate late and in 6 the first menstruation was 
accompanied by a seizure Winter (1923) charted seizures and 
menstrual penods of a patient for IJ > ears X-ra> exposure stopped 
both for a three months penod Toulouse and Marchand (1913) and 
Marchand (1922) believe that ovanan disturbances bear no constant 
relationship to seizures Tlic case reports of v an den Berg (1921), of 
Picliler (1923) and of D'Abundo (1923) are not convinang Reports 
concerning the effect of glandular therapy are meager, presumably 
because negative results do not readily find their way into the htera- 
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ture. A number of years ago when hysterectomy was a favorite 
pastime of surgeons, undoubtedly many patients were deprived of 
their sex organs but not their seizures Ashe (1920) saw some im- 
provement m 3 patients treated vdth ovarian substance. Everke 
(1923) cited 3 patients apparently cured by removal of ovaries or 
uterus, and Marchand and Adam (1923) one patient whose seizures 
began after hysterectomy. Cotte and Rebattu (1924) operated upon 
2 patients but saw no beneficial results 

We believe that convulsions which occur only before or dunng 
menstruation may be most easily explained by the increased nervous 
irritability which many women exhibit at that time. The condition is 
analogous to that observed in certain parathyroidectomized female 
dogs, which have tetany only when in heat (Colhp, 1926). A possible 
mechanism for such increased irritability is the increase in capillary 
permeability which has been observed durmg menstruation. 

Pancreas The relation of the internal secretion of the pancreas to 
carbohydrate metabolism is so dose that the question is discussed 
under that heading. 

Combined gland disorders. In any clmical study of endocrine glands, 
the fact that there may be abnormahty of more than one gland greatly 
complicates the problem Concemmg such polyglandular disorders, 
either with or without convulsions, we know httle The case reports 
supplied by vendors of shotgun glandular prescnptions are too prej- 
udiced to be of value Sserdjukoff (1925) believes that m epileptic 
women there is often disturbance of the ovary, thyroid, pituitary and 
uterus His evidence for this view is not clear. Shou and Susman 
(1927) found perivascular necrosis in the various endocrine glands of 
5 of the 6 cases examined 

Summary. There is need^ of a thorough, objective study of 
a large series of patients in order to determine more exactly the 
part played by the endocrme glands in epilepsy On the basis of 
our present mformation, we can say that only a few patients having 
seizures present dimcal evidence of endocrine abnormahty. The 
glands which most actively stimulate metabolism are the thyroid, the 
adrenals, and the pancreas In most patients mcreasing the inten- 
sity of the metabolic processes of the body by the administration of 
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the active principles of these glands tends to favor the occurrence of 
seizures Abnormalities of the pituitary, when they do occur, often 
bear a direct relation to seizures Though of no therapeutic impor- 
tance m epilepsy, the parath)froids hold an unique relationship to 
epilepsy in that conditions which may preapitate tetany m para- 
thyroidcctomized animals, viz , anovemia, disturbance m ionic balance 
and alkalosis, may also precipitate seizures m epileptics 

The blood 

Because the brain is not open for inspection dunng life, one might 
hope that examination of the blood which flows through it would re- 
, veal the presence of substances which might conceivably alter bram 
function We shall discuss here only the morphology, physical 
properties and protem content of the blood The chemical constit- 
uents, ferments, toxicity and bactenology ivill be discussed m otlicr 
sections 

Morphology Of the various exammations of the blood which have 
been made, estimations of the number and proportion of various 
forms of leukocytes have been most numerous A possible reason for 
the populanty of the subject is the fact that observers have differed 
hopelessly in their findings 

The following statements illustrate the vanety of conclusions 
reached Krumbmiller (1898), leukocytosis during a spell with pre- 
dominance of young forms and with coincident decrease in the size 
of the spleen to percussion, Onuff and Lograsso (1906) in 19 cases, 
no parallehsm between seizures and leukocytosis, Morselli and Pastorc 
(1906) in 30 cases, decrease in cosinophiles as seizure approaches, 
Nicuwcnhuyse (1911), lymphocytosis after seizure, MUller (1913), 
leukocytosis both with seizures and psychic equivalents, Fackenheim 
(1914), leukocytosis and cosino^ihiha, Spangler (1916) in 100 cases, leu- 
kocytosis persisting for from 12 to 24 hours after a seizure, di Gaspero 
(1919), fluctuation in number of leukocytes, Wissenfeld (1921), both 
leukocytosis and Ijmphocj tosis with seizure, Patterson (1923) in 128 
cases presenting some manifestation of endocrine disorder, distortion 
of the kukocjdic formula and Icul ocj tosis, Targowla, Montassut and 
Kmy (1925), decrease of leukoiy tcs m seizure Hyperpnea m nor- 
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mals caused no change in leukocytic formula, while in 5 patients with 
epilepsy it produced inversion Fuchs (1926) published extensive 
tables of the daily differential counts in 8 patients but gave no ade- 
quate discussion of the results. Wuth (1924 and 1926, a and b) 
found leukocytosis and eosinophilia during seizures. This hst does 
not include ten authors whose findings are tabulated by Wuth Ap- 
parently observers were not always careful to take into account the 
influence of food or of hidden infections. Different authors interpret 
the fluctuations observed in different ways as a reaction to a circu- 
lating toxin, as an anaphylactic phenomenon, or as a response to dis- 
turbance of the endocrine glands or of the autonomic nervous system 

PagniezandLieutand (1919),Pagniez (1921) and Bouche and Hustin 
(1921) speak of the relation of hemoclastic shock (the leucopenia of 
digestion) to seizures The first named fed chocolate to a patient 
after meals and on two occasions in which leucopenia resulted, sei- 
zures occurred within a day Tinel and Santenoise (1921, 1922) 
state that hemoclastic shock occurs only at the time of mental upset 
or seizure and is suppressed by luminal. Data presented are insuf- 
ficient and contradictory. Thomas and Lascelles (1927) found hemo- 
clastic crisis in 17 out of 31 patients examined. 

The question of the number and proportion of the leukocytes of the 
blood seems of little importance Evidently the leukocytic count and 
formula are essentially normal except at the time of seizures At that 
time leukocytosis may occur, presumably as a result of muscular work 
involved in the seizure 

The number of red cells and percentage of hemoglobin m patients 
with epilepsy is usually normal. Apparently certain mstitutional 
groups of cases may show anemia, possibly as a result of a meat free 
diet. Fackenheim (1914) found hemoglobin of 50 to 60 per cent in 
two-thirds and from 60 to 70 per cent in one-third of 100 epileptics 
examined Wuth (1922) in 40 cases found the red count between 
5 7 and 2 6 milhons with an average of about 3 8 miUions Hemo- 
globin ranged from 98 to 46 per cent with an average of about 82 per 
cent. Convulsions may be a symptom of polycythemia, or may 
occur after transfusion in pernicious anemia 

W'e have made hematocrit readings in 100 patients (9 cc of blood 
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centrifuged at 2500 revolutions per minute for 30 minutes) In this 
group the proportion of red cells to whole blood was as follows 
Average for the men 49 per cent, the highest reading bemg 56 per- 
cent and the lowest 40 pier cent. Average for the women 45 pier cent, 
the highest readmg bemg 55 per cent and the lowest 45 pier cent. 
These are normal measurements for the method used 

Burkhardt (personal commumcation) did blood grouping of 90 
patients Of these, 5 pier cent belonged to group 1, 30 per cent to 
group 2, 21 pier cent to group 3 and 43 pier cent to group 4 Group 2 
was shghtly smaller and group 3 larger than mosL Qaude, Schmier- 
geld and Blanchetiere (1908) found normal fragihtj of red cells m 13 
epileptic patients 

V-iscos^ly tJsmg Hess’s \Tscosimeter, Brown (1910) obtained 4 8 
as an average value for the viscosity of the blood of IS epileptics, 
4 2 bemg the average value m healthy piersons Meyer (1925) re- 
piorted a lowermg of viscosity m relation to seizures, but gave no data 

We have seen no observations concemmg the blood volume in 
epileptics 

Coagutahon Some writers have beheved that seizures might be 
eiplamed by’ an increased coagulationg piower of the blood, causmg 
thrombosis or stasis m small cerebral vessels On such a supposition 
IS based the treatment of epilep^- with mjection of snaLe venom, a 
measure which is supiposed to lengthen the dottmg time of blood 
In spite of its apiparent simpUaty , the test of coagulation time is opien 
to numerous errors and no importance can be attach^ to small differ- 
ences Besta (1906) usmg 30 to 40 cc of blood and a comphcated 
method, found diminished coagulatmg piower in 37 of 45 patients 
ezammcd Turner fl907) reported mcreased spieed of coagulation 
With the use of Boggs' coagulometer, the following observations 
V ere obtamed Austm (1910), shght mcrease m spieed m 24 pa- 
tients, Jenlon and Pendleton (1914), decreased speed m 9, Spangler 
(1916), mcreased spieed in 50 of 100 pauents. rackenheim (1914) 
(method and number of cases not stated) repxirted quickened coagu- 
lation tune, espeaaUy before seizures Thom (191-1) usmg the 
method of Lee and White, m a group of 203 patients found a normal 
clotUng tune (3 to 8 nunutes) in 92 per cent Coagulation tune m 
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the remainder varied between 2 5 and 14 minutes Wuth (1922) in 
40 patients found a narrower range, 1 to 3| minutes In two pa- 
tients daily tests made for 22 days varied between 1 and 2| minutes 
Chiola (1925) (Cinffini method) in 35 cases and Choroschko (1925) 
(method of Sitkowski-Jegoroff) in 30 cases found quickened coagula- 
tion which was greatest on the approach of a seizure 

The variety of methods used by these various observers does not 
permit comparison of results We accept the statement of Thom and 
Wuth that the coagulation time is normal The presence in the blood 
of amounts of calcium and of fibrinogen which are not abnormally 
low would indicate also that there is nothing seriously at fault in the 
clotting ability of the blood. 

Sedtineiitahon Wuth (1922) found increased speed of sedimenta- 
tion of red cells in many of the 40 cases examined Readings at the 
end of an hour varied between 28 and 1, with an average value of about 
4 (method of Von Plant). The speed of sedimentation did not vary 
with the number of leukocytes or erythroc 3 ^es Lowenberg (1923) 
in 7 of 14 patients obtained an increased rate and found increased 
speed in sedimentation following seizure in one patient Hughes 
and Lennox (unpublished data) found mcreased rates in about one- 
third of 72 patients examined The increased speed of sedimentation 
agrees vuth the mcreased fibrm content of the blood in patients ob- 
served by Lennox and Allen (1928) 

Flocmlakon. Georgi (1924-1925) stated that in a group of 44 pa- 
tients he measured speed of sedimentation, viscosity of plasma, re- 
fraction, coagulation, alkah reserve, calcium and the colloidal stability 
of the blood The only data presented are in a table showing the 
results of several flocculation and sedimentation tests, and demon- 
strating an mcreased degree of flocculation of the plasma of epileptics. 
As the discussion is prinapally concerned with changes which take 
place during hyperpnea, the papers will be discussed under that 
headmg. 

Fihniiogen Fibrinogen is an important factor in the process of 
clotting Decrease of blood fibrinogen occurs in serious liver damage 
and increase occurs in conditions of tissue injury and inflammation, 
whether the latter is septic or aseptic in origin Of the plasma pro- 
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terns, it IS the one which can he most readily and accurately measured 
Besta (1909) etarmned 45 patients, all but 8 of whom showed decrease 
m fibnn ferment Dienst (1922) beheves that m conditions of de- 
bihty or poor arculation there is defiaent formation of anti-thrombm, 
and that the increased concentration of thrombin which results is 
the cause of convulsions or of eclampsia He says the content of 
anti-thrombin m the hver is high in pregnancy but not m eclampsia 
The injection of fibnn ferment m rabbits produces convulsions through 
spasm of capillary vessels Apparently, the only laboratory observ'a- 
tion on which this tlieory is based, so far as epilepsy is concerned, is 
the findmg of less than one-half of the normal amount of anti-thrombin 
in the blood of epileptic patients Dienst (1926) further beheves that 
abnormally mcreased amounts of thrombm m the blood have a toxic 
vasoconstnctor action, secondary to which there is an increase in 
fibnnogen He speaks of thrombm as the sheet lightmng and thunder 
and fibnnogen as the hghtnmg stroke in the eclampsia tempest 
Foster (1924) states that toxeima of pregnancy is assoaated with an 
maease of blood fibrmogen whereas nephritis comphcatmg pregnancy 
IS not 

Lennox and Allen (1928) have measured the fibrmogen content 
of the blood in 100 patients with epilepsy In 34 per cent of both 
men and women, measurements were above the upper limits of normal 
In all but 7 of these patients the presence of any manifest infection 
was ruled out by normal temperatures and often by normal white 
counts High values were not found m patients having the most 
frequent or severe convulsions Whether this mcrease is an evidence 
of an irritative process in the liver or is due to an increased katabolism 
of body tissue is unknown In one of our patients from whom blood 
was taken before and after seizures, the fibrinogen content of the 
blood did not vary 

Scrum albumen Meyer and Bruhl (1922), Bruhl (1923) and Meyer 
(1925) measured serum albumen in a group of 16 patients The 
chief abnormality found was a discrepancy in measurements obtamed 
by the refractometnc and Kjeldalil methods (the former being higher) 
They concluded that the refractive property of serum albumen m these 
patients was affected Data are not presented, observations are too 
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few to be conclusive, and we know that measurements by refracto- 
metric and Kjeldahl methods normally show a discrepancy. Wuth 
(1922), using the Zeiss dipping refractometer, found that values or 
serum albumen in 40 patients varied between 10.23 and 7 24 with an 
average of about 8 3 He thought the few high values obtained were 
due possibly to increase of blood pressure during seizures Daily 
measurements made of two patients for three weeks showed httle 
daily fluctuation. Subsequently (1926, a) he found that serum al- 
bumen was somewhat increased after seizures The serum-globulin 
ratio was normal m 23 patients Frisch and Fried (1926), using a 
gravimetric method, found a high ratio of albumen to globulin in 
five patients having frequent seizures In a small group of patients, 
using Wu’s colorimetric method, we have obtained essentially normal 
values 

Wassermann reaciion Many practitioners consider that they have 
fulfilled their duty towards their epileptic patients, so far as the labora- 
tory side of medicine is concerned, if they have a blood Wassermann 
test performed Some French authors consider syphihs as an impor- 
tant cause of epilepsy 

Toporkov (1925) states that 140 patients were improved with anti- 
syphilitic treatment He does not say whether or not these patients 
gave any clinical evidence of syphihs In this country the comcidence 
of epilepsy and syphilis is surprisingly small Novick (1921) found 
that 2 2 per cent of 231 patients with epilepsy had syphilis Shanahan, 
Munson and Shaw (1916) m routine Wassermann tests of 1473 patients 
obtained 1 5 per cent positive reactions Of 305 brains examined at 
autopsy, gumma was found in two Of 4100 patients examined clini- 
cally, 3 4 per cent were found to have syphilis or were suspected of 
having it This is probably a smaller proportion than is found in 
<he population at large 

Summary. Concerning the morphology, the physical properties, 
and the Wassermann reaction of the blood, there is no evidence of 
consistent abnormalities which might be thought of as contributing to 
the production of seizures The presence of increased fibrmogen and 
speed of sedimentation of red cells in a minonty of patients may be 
evidence of an unusual degree of tissue destruction m these patients 
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Spinal fluid 

Because the spinal fluid is in such intimate contact with the bram, 
one might hope that study of the spinal fluid of persons with epilepsy 
would reveal some abnormality Most workers, however, state that 
the spmal fluid m epilepsy is normal Concerning any such statement, 
however, one must mquire as to the completeness of the examinations 
made We are mterested not only m the character and constituents 
of the fluid itself, but also m its volume and pressure Chemistry of 
the fluid will be discussed later 

Pressure In spite of the importance as well as the simplicity of 
spmal fluid pressure readmgs, most chniaans either disregard this 
feature of the exammation, or are content with observing the apparent 
force ^vith which the fluid is ejected from the needle, a worthless ob- 
servation For this reason, the evidence which we have is fragmentary 
and contradictory 

Nawratzki and Arndt (1899) found normal pressure m 3 cases 
Redhch and Potzl (1910) measured the pressure m 39 cases, m which 
x-ray suggested abnormality Five of these showed constantly high 
pressure — from 200 to 400 mm of water Larkin (1919) m 59 cases 
found pressure above normal m 31 per cent, and below normal in IS 
per cent This statement is without meaning as normal values were 
not defined Wittengenstem (1923) m 10 patients found pressures 
between 105 and 200, both before and after seizures Patterson and 
Levi (1926) m 50 patients m the sitting position, obtamed pressures 
between 6 and 38 mm of mercury Lenche (1920, 1921 and 1922) 
m contradiction to the trend of evidence already presented, believes 
that hypotension may be a factor m mducmg seizures, and suggests 
the use of intravenous mjection of distilled water or of pituitnn or 
even hgation of the mfenor longitudmal smus Perusal of Lenche’s 
articles fails to show any data conccrmng measurements of spmal 
fluid pressures in a senes of cases His opmion, therefore, may be 
dismissed without discussion Tilmann (1926) states that he has 
performed lumbar puncture in from five to six hundred patients with 
epilepsy Pressure was high m 75 per cent and low m 10 per cent 
Here again the author fails to define his limits of normal or to present 
any detailed data concerning measurements 
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We have made records of the spinal fluid pressure measurements in 
more than 200 unselected patients m whom seizures were the present- 
ing symptom In nearly 20 per cent of the patients, the ini tial 
pressure was above 200 millimeters of spinal fluid, the upper limi t of 
normal Because duration of symptoms m these cases did not parallel 
the increase m pressure, it would seem that such increase was not the 
result of seizures Six of our patients with mcreased pressure were 
found to have brain tumor at operation or autopsy 

Evidence of chronic increase in mtracranial pressure is furnished 
also by x-rays of the skuU We have seen no report of the correlation 
of such evidence with that obtamed by spinal puncture 

All observers are agreed that during the seizure itself, spinal fluid 
pressure is greatly mcreased 

Nawratzki and Arndt (1899) observed three cases, in one of whom 
pressure rose to 870 mm Redhch and Potzl (1910) observed a rise 
to 450 mm. in one case Dalma (1925) produced seizures in three 
patients by means of hyperventilation and observed pressure as high 
as 500 mm In one of our patients pressure during a convulsion rose 
to 700 mm The spinal canal was dramed Twenty-four hours later 
the pressure durmg convulsion rose to only 100 mm Increase in pres- 
sure did not precede the seizure In several mstances we observed no 
change in spinal fluid pressure during petit mal Ebaugh and Steven- 
son (1920) made contmuous graphic record of relative changes in 
intracranial pressure by means of a tambour apphed to the head of a 
patient with a large skull defect Variations with relation to seizures 
and the use of hypertonic and h)rpotonic solutions were recorded 

Increased pressure in seizures is secondary to the apnea and th^ 
increase in venous pressure which occurs during the tonic phase of 
convulsions The height to which pressure rises depends also on the 
arterial blood pressure and the volume of fluid in the cerebral ven- 
tricles The general correspondence between pressure of the cere- 
brospmal fluid and venous and arterial blood during convulsions m 
animals has been shown by MacDonald and Cobb (1923) The 
marked phenomena observed by Foerster (1926) and others m the 
exposed brain at operation would naturally be associated with changes 
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m spinal fluid pressure, the possible mechanism of which has been 
discussed under cerebral circulation 
Effect of modifying spinal fluid pressure Ji there is abnonnahty m 
the pressure of spmal fluid m patients, it is important to know whether 
modification of such pressure has favorable influence m the mcidence 
of seizures A number of wnters have reported benefiaal results 
from spmal fluid dramage m status 

Hodskins and Morton (1905) seem to have been the first to advocate 
'this Others are Allen (1908), Pichenot and Castm (1907), Tissot 
(1908), Castm (1910), Heidelberg (1912), Gluschkow (1912) and 
Toulouse and Marchand (1922) Bossert (1918) recorded the death 
of one patient after lumbar puncture, but the presence of fever, 
vomiting, and headache suggests that the child may have had memngi- 
tis Most of the foregoing favorable observations have been based 
on one or a few cases only Pnor and Edwards (1926) had a recovery 
rate of 95 per cent in a senes of 53 patients wnth status treated by spmal 
fluid drainage 

The treatment of patients not in status ny spinal dramage has re- 
ceived httle favorable comment Tilmann (1926) thought there was 
relief for 4 of his 65 patients who had frequent lumbar punctures and, 
that trephmmg the skull usually resulted in improvement, though only 
rarely m cure Lenche’s suggestions for increasing pressure have 
nothing to commend them We have performed spinal drainage in 
a number of patients without benefit to them The pressure of spinal 
fluid may be reduced by the intravenous injection of a hypcrtomc 
solution Duschak (1919) injected 10 patients with 15-20 cc of a 
5 per cent solution of magnesium sulphate with good results Such 
treatment has been used m eclampsia 

Wolff (personal communication) has found that an increase ih 
intracramal pressure above arterial pressure will result m convulsions 
in animals Also there is some evidence that slight increase causes 
increased susceptibilitj to convulsions which are artificial!} induced 
Elsbcrg and Pike (1926) altered intracranial pressure m cats by 
intravenous injection of hypertonic solution of sodium chloride or 
glucose (7 experiments) and of distilled water (6 experiments) In 
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the former experiments, when pressure was presumably reduced, it 
took three times as large a dose of the absinthe to produce a convulsion, 
as in the latter experiments when pressure was presumably increased 
It is, of course, possible that factors other than increase in pressure 
were operative here The presence of edema may be the essential 
consideration 

Certainly actions causing temporary elevation of intracranial 
pressure in patients (straimng, coughing, etc ) are not associated with 
increased frequency of seizures Dalma (1925) maintamed jugular 
compression in 35 patients for as long as 5 hours without thereby in- 
duang a seizure As Redlich and Potzl (1910) pointed out, seizures 
in patients with brain tumor may be more frequent in the early stages 
when the increase in pressure is relatively small. In the patients 
which we have examined, those with high spinal fluid pressure readings 
were not as a rule the ones having the most frequent or severe seizures. 

Volume of fluid Measurements of the pressure of spinal fluid be- 
fore and after the withdrawal of varying amounts, gives some indica- 
tion of the volume of fluid present, and, therefore, of the size of the 
subarachnoid space and ventricles This, in turn, may indicate the 
presence of tumor compressing the ventricles or of hydrocephalus. 
We have made such fractional measurements in more than 100 pa- 
tients with epilepsy. Though these data have not yet been checked 
against similar data from non-epileptic patients, many of our subjects 
give evidence of an abnormally large reservoir of cerebrospinal flmd 
Computation on the basis of _ Ayala’s quotient has not proven useful 
because we fin d that the quotient varies with the amount of fluid 
withdrawn. 

Morphology The leukocytes m the cerebrospinal fluid are ordi- 
narily normal in number Larkm (1919) in 143 cases found increase 
in only one patient Patterson and I>evi (1926) in 50 cases found more 
than 5 cells in 22 per cent Of nearly 200 examinations which we have 
made, only 9 per cent of the fluids had more than 5 cells per cubic 
millimeter A considerable increase in cells during status has been 
observed in single cases by Pappenheim (1917) and Baylack, Bize and 
Stillmunkes (1923). 

Permeability of meninges. Redhch, Potzl and Hess (1910) found no 
difierence between epileptic and non-epileptic subjects in the readi- 
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ness with which ingested substances, such as methylene blue, sodium 
sahcylate, bromin and acetone appeared in the spinal fluid 
Physical properties Few observations have been reported Tha- 
buis and Barbe (1913) found viscosity from 1 210 to 1 232 in 10 cases 
Cryoscopy was between 0 S3 and 0 61 with an average of 0 57 These 
are normal values They found density slightly mcreased Eckel 
(1924) measured the electncal conductivity of the spinal flmd of 100 
patients Values ranged from 0 01575 to 0 01423, ^e average bemg 
0 014978 These are essentially normal values Jones (1926) found 
a high refractive mdex, 1 3385, m a six months baby The child, 
however, had pneumonia as the cause of convulsions Levmson and 
Serby (1926) measured tlie refractometric and viscosimetnc indexes 
m 11 patients Measurements were between 1 33493 and 1 33517, a 
normal range 

Colloidal reaction Authors have theorized that the mechanism of 
seizures may be related to changes in the colloidal reactions of tissue 
cells If this were so, one might antiapate abnormal reactions to 
colloidal gold on the part of spmal fluid Larkm (1919) m 114 cases 
found curves nsmg to a height of two m 46 per cent and of three 
in 7 per cent Patterson and Levi (1926) m 50 fluids found ab- 
normal curves in 91 per cent, almost all of these being characteristic 
of the curve of cerebrosphmal S 3 Tphibs Presumably the technical 
difficulties of which they speak account for these unusual results In 
nearly 200 fluids collected by us, the curves reached a height of two 
m 6 per cent and a height of three in 3 per cent In other words, 
91 per cent were entirely normal, and none was distinctly abnormal 

Total protein The commonly used tests for albumen and globuhn 
are of little use m measunng slight mcreases m protem matenal in 
the spinal fluid 

Thabuis and Barb6 (1913) found normal amounts of albumen in 
the spmal fluid of 6 patients Fremont-Smith and Ayer (1924) m 
17 patients and Osnato and Killian (1927) in 49 found many ivith 
mcreased amounts of total protein Lennox and Allen (unpublished 
data) have collected a senes of 250 fluids Most of these measure- 
ments are shown m the accompanymg chart (fig 6) Nmeteen per 
cent are above the extreme upper limit of normal — 50 mgm Except 
m one or tiro instances there uas no correlation between high total 
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protein and increased pressure of tlie spinal fluid. The fact that high 
values were found most frequently in patients with a short b’story may 
indicate a bad prognosis for life. Increased concentrations of protem 
without increased cell count or other evidence of inflammation often 
indicates the presence of a tumor in the vicinity of a ventricle Six 



Fig 6 Measurements of the Concentration oe Total Protein in the Spinal Fluid 

OF 200 Patients ivith Seizures 

The ordinate represents miUigrams of total protein per 100 cc of spinal fluid (method 
of Ayer and Denms) Abscissa represents the number of years in which seizures have 
been present Nineteen per cent of the measurements are above and seven per cent are 
below the limits of normal Values are not higher in patients whose symptoms have been 
present for the longest time 

of these patients had brain tumor which had not been diagnosed 
previously. In the others there was no evidence of tumor The sig- 
nificance of the high values in these patients has not been determined 
Wasserviann reaction. Although syphihs of the central nervous 
system must always be considered in patients with fits, the propor- 
tion of patients who give evidence of this condition is small In our 
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senes of 165 spinal fluids, 2 per cent had a positive Wassermann reac- 
tion One of these patients had frequent daily petit mal attacks that 
disappeared while antisyphihtic treatment was given, and reappeared 
after treatment was stopped 

Summary Summmg up the evidence with regard to spmal fluid 
pressures, a certain proportion of patients having convulsions ivitliout 
evident cause, perhaps 20 per cent, have an abnormally high pres- 
sure In a small number this may be evidence of intracranial 
tumor, the cause in others is not evident There is little clinical 
evidence that abnormal pressure m itself induces seizures or that re- 
duction of pressure alleviates s)miptoms, evcept m the condition of 
status when spinal drainage is often of distinct benefit Careful, 
fractional measurements of pressure give evidence of dilatation of the 
ventncles m a small proportion of patients 
Only rarely does exammation of the spinal fluid give evidence of 
syphihs In about one-fifth of the patients the content of total 
protem is above normal Examination of patients with epilepsy by 
means of lumbar puncture reveals some abnormality in more than 
one-half The proportion m which the abnormahty is related in a 
causal way to the seizures is, of course, very much less 

r 

Untie 

Measurements of body weight and of the volume of unne require 
no modem laboratory methods For many years writers have re- 
marked on fluctuations of the weight of patients with relation to 
their seizures, and on the polyuna which frequently succeeds a con- 
vulsion Allers (1912) refers to some 20 odd articles on the subject 
Even m such a seemingly simple observation, there is no imanimity of 
opmion Also many of the pubhshed observations fail to indicate 
that due care was taken to control the factors of food and flmd mtake 
F6r6 (1890) concluded that the polyuna observed after seizures repre- 
sented a vanation m the vasomotor activity of renal vessels The 
more modem view sees in polyuna the need for maeased elimmation 
of aad substances produced by the muscular work of the convulsion 
The fact that convulsions sometimes occur m eclampsia and ne- 
phritis raises the question concerning the functional effiaency of the 
kidneys in persons with epilepsy The few patients whose ability 
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to excrete phenolsulphonephthalein we have measured, have proved 
normal m this respect. The post paroxysmal albummuria of which 
older authors speak is apparently the result of the seizure In our 
experience the findmg of albuminuria, except followmg seizures, or of 
high non-protem nitrogen in the blood, is rare It is rather surprising, 
therefore, that of 359 autopsies at the Craig Colony, macroscopic 
evidence of nephritis was reported in 23 per cent, and in 259 by Lind 
(1926), 75 per cent had “tough” kidneys. Apparently m neither case 
was microscopic examination made 

In an effort to detect abnormalities of metabolism in persons with 
epilepsy, a large amount of work has been done in measuring the 
chemical constituents of the urme These older observations can 
now be combined with more recent chemical studies of the body 
fluids. We shall, therefore, discuss urinary chermcal findmgs in 
sections deahng with the metabolism of food substances and the acid- 
base relationships of the body. Urinary ferments and toxins also will 
be discussed elsewhere. 

Bacteriology of blood and feces 

This phase of the study illustrates beautifully the pitfalls m the 
path of “the will to find ” Bra (1902) isolated an organism from the 
blood of 70 out of 100 cases of epilepsy at the time of seizures Vari- 
ous searchers failed to confirm these results Not knowmg of this, 
Reed (1915, 1916a) decided that epilepsy must be due to an infection 
by a specific organism. Blood cultures from his cases, however, were 
reported as sterile After changing bactenologists he received reports 
of a spore bearing bacillus (1916, b and d) m the blood of 168 out of 
211 cases of epilepsy exammed Cultures from constipated but non- 
epileptic patients were sterile, and the organism when injected mtra- 
venously m rabbits produced convulsions Koch’s postulates were 
satisfied .and the medical world was mformed that at last “Bacillus 
epilepticus” was found Although these findmgs were confirmed by 
Terhime (1916), negative results were quickly reported by Caro and 
Thom (1916) in 70 cases, MacDonald and Edward (1916) in 9 cases, 
Wherry and Ohver (1916) m 6 cases, Munson (1917) in 130 cases, 
and later by Reed (1917) himself. In the course of the controversy, 
Reed made tTiis revealing statement “I, hke other clmicians, must 
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accept ana be guided by the technical findings of pathologists and 
bacteriologists, but they must be the findings of something, not of 
nothing ” This necessity of “finding somethmg” undoubtedly has 
been responsible for many of the reported abnormahties in epilepsy 
which crowd the literature Unfortunately, however, errors in the 
cheimcal laboratory or at the bedside are not so quickly demonstrable 
as errors of techmque in the bacteriology laboratory 

Although no one hopes to find a specific organism that is responsible 
for seizures, all recognize the importance of infections as a contnbut- 
ing factor Occasionally the eradication of a focus of infection 'mil 
he followed by cessation of seizures A survey of the bactenology of 
the intesbnal contents of patients is being conducted by Higgens 
(personal communication) 

Toxictly of blood, unite and sptnal fluid 

In any disease of unknown etiology, the idea of a speafic toxin is 
always attractive To this rule epilepsy is no exception 

Cem (1899 to 1906) has been the most prohfic wnter on this subject 
He endeavored to prepare an anti-toxm against seizures In his last 
report (1906) he injected 113 rabbits mth increasing amounts (up to 
65 cc ) of serum from 36 epileptic patients Results were inconclusive 
Turner (1907) gives references for observations concerning the toxiaty 
of blood, unne and sweat published up to that time Loewe (1911- 
1913) reported that after a seizure the undialysable portion of the 
unne produced convulsions when injected into rabbits Pellacani 
(1914) was unable to demonstrate antibody Meyer (1912) injected 
10 to 20 cc of defibnnated blood from patients into the pentoneal 
canty of guinea pigs Of 28 experiments in which guinea pigs were 
injected mth blood taken during a seizure, 12 had convulsions and 
16 died Of 11 animals injected mth blood taken dunng an interval, 

6 had con'vulsions and 4 died Of 13 animals injected mth blood 
from non-cpileptic patients, 1 had a convulsion and 3 died The con- 
clusions are not convmang because of discrepanaes in the data pre- 
sented PredaandPopea (1913) injected serum from epileptics (10 cc 
per kilo) intrapentoneally into dogs, followed in 24 hours by one- 
third the amount intravenously Such animals died, whereas others 
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to excrete phenolsulphonephthalem we have measured, have proved 
normal m this respect The post paroxysmal albuminuria of which 
older authors speak is apparently the result of the seizure In our 
experience the finding of albuminuria, except following seizures, or of 
high non-protein nitrogen in the blood, is rare It is rather surprising, 
therefore, that of 359 autopsies at the Craig Colony, macroscopic 
evidence of nephritis was reported in 23 per cent, and in 259 by Lmd 
(1926), 75 per cent had “tough” kidneys. Apparently in neither case 
was microscopic exammation made. 

In an effort to detect abnormalities of metabohsm in persons with 
epilepsy, a large amount of work has been done in measuring the 
chemical constituents of the unne These older observations can 
now be combined with more recent chemical studies of the body 
fluids We shall, therefore, discuss urinary chemical fin dings in 
sections dealing with the metabolism of food substances and the acid- 
base relationships of the body. Urinary ferments and toxms also will 
be discussed elsewhere. 

Bacteriology of blood and feces 

This phase of the study illustrates beautifully the pitfalls in the 
path of “the will to find ” Bra (1902) isolated an organism from the 
blood of 70 out of 100 cases of epilepsy at the time of seiziues Van- 
ous searchers faded to confirm these results. Not knowing of this, 
Reed (1915, 1916a) decided that epilepsy must be due to an infection 
by a specific organism Blood cultures from his cases, however, were 
reported as sterde After changing bacteriologists he received reports 
of a spore bearmg bacillus (1916, b and d) m the blood of 168 out of 
211 cases of epdepsy examined Cultures from constipated but non- 
epdeptic patients were sterde, and the organism when injected intra- 
venously in rabbits produced convulsions Koch’s postulates were 
satisfied ,and the medical world was informed that at last “Bacillus 
epdepticus” was found. Although these findmgs were confirmed by 
Terhune (1916), negative results were qmckly reported by Caro and 
Thom (1916) in 70 cases, MacDonald and Edward (1916) in 9 cases, 
Wherry and Ohver (1916) m 6 cases, Munson (1917) in 130 cases, 
and later by Reed (1917) himself In the course of the controversy, 
Reed made this revealing statement “I, hke other clinicians, must 
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accept and be guided by the technical findings of pathologists and 
bacteriologists, but they must be the findings of something, not of 
nothmg ” This necessity of “finding something” undoubtedly has 
been responsible for many of the reported abnormahties m epilepsy 
which crowd the literature Unfortunately, however, errors m the 
chemical laboratory or at the bedside are not so quickly demonstrable 
as errors of technique m the bactenology laboratory 
Although no one hopes to find a specific organism that is responsible 
for seizures, all recognize the importance of infections as a contnbut- 
mg factor Occasionally the eradication of a focus of infection will 
be followed by cessation of seizures A survey of the bactenology of 
the intestinal contents of patients is being conducted by Higgens 
(personal communication) 


Toxicity of blood, wine and spinal fluid 

In any disease of unknown etiology, the idea of a speafic toxin is 
always attractive To this rule epilepsy is no exception 


Ceni (1899 to 1906) has been the most prolific wnter on this subject 
He endeavored to prepare an anti-toxin agauist seizures In his last 
report (1906) he injected 113 rabbits with increasing amounts (up to 
65 cc ) of serum from 36 epileptic patients Results were incondusiv e 
Turner (1907) gives references for observations concerning the toxiaty 
of blood, unne and sweat published up to that tune Loewe (1911- 
1913) reported that after a seizure the undialysable portion of the 
unne produced convulsions when mjected into rabbits Pellacani 
(1914) was unable to demonstrate antibody Meyer (1912) injected 
10 to 20 cc of defibnnated blood from patients into the pentoneal 
cavity of guinea pigs Of 28 experiments in which guinea di<^ were 
ejected wnfR blood taken dunng a seizure, 12 had conviiko“ns and 
16 died Of 11 ammals mjected with blood taken durmg an interval 
6 had convulsions and 4 died Of 13 animals mjected with 
from non-epileptic patients, 1 had a convulsion and 3 died. Th^ ^ 
elusions are not convincing because of discrepanaes m the 
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injected with serum of normal persons did not. Trevisanello (1913), 
reasom’ng that anaphylactic reaction should not result if one of the 
two injections consisted of spinal fluid, used various combinations of 
serum and spinal fluid of normal and epileptic subjects This material 
was injected into gumea pigs subdurally at intervals of 9 days In 1 1 
experiments in which serum and spinal fluid were from patients, 
anaphylactic reaction resulted In another group in which one or 
both of the injections was of matenal from normal persons, no reaction 
occurred. The material is presented clearly and concisely Pagmez, 
Mouzon and Turpin (1921) injected 2 to 4 cc of serum from patients 
in animals and noted only a myoclonic twitching of muscles An- 
theaume and Trepsat (1922) injected 0,5 cc of serum of 6 patients 
into rabbits Five of these had convulsions and' died The injection 
of urine and spinal fluid had no effect Weichbrodt (1922) injected 
serum intraperitoneally into mice, but presented no data to support 
his views Pfeiffer, Standenath and Weeber (1925) injected 1 cc of 
serum intraperitoneally m mice 70 experiments were made with 
serum from 23 patients They found no relationship between the 
toxicity of the serum and the concentration of peptidase. Serum from 
normals as weU as from epileptic patients caused death. Held (1920) 
injected blood of patients intravenously into rabbits which reacted 
by twitching of forehmbs and drawing back of the head. Serum and 
substance of an unnamed gland were taken from these treated rabbits 
and injected subcutaneously mto patients at monthly intervals Re- 
actions in patients consisted of headache, dizziness and vomiting. 
He states that approximately 400 patients were treated, in 70 per cent 
of whom the results were considered favorable Pagniez (1924) in- 
jected 1 cc of serum of patients into the carotid artery of gmnea 
pigs As a rule spasms resulted The degree of reaction varied 
greatly, although he believed that blood taken after a seizure was less 
toxic Heating the patient’s serum to 58°C. resulted in loss of toxicity 
Cuneo (1913, 1914, 1922, 1925, 1926) believes that he has not only 
demonstrated a toxic substance in the blood but has identified it as 
an albumose. His theory, briefly stated, is that because of deficient 
carbohydrate digestion in the intestines, nucleic and lactic acids are 
formed, sodium tartrate and acetate are hberated in the blood, wliich 
in turn hberate an albumose which causes the seizure. A sympathetic 
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restatement of his theones has been given by Osnato (1923) Cuneo 
presents very httle real data, and the separation of observations from 
speculations is not an easy task The vanous papers yield the follow- 
ing Blood from patients was tested with various reagents In 8 
instances blood drawn during or soon after a seizure and especially 
treated gave a positive Biruet reaction and was preapitated by am- 
monium sulphate The blood of one patient not having seizure, of 
three patients with general paresis and of three bulls, did not give 
these tests (1914) Epileptic patients on carbohydrate diet have 
aadosis (as measured apparently by litmus paper test of unne, feces 
and breath) and seizures are increased (No tabulation of data ) 
When fed to patients, sodium acetate and tartrate are not trans- 
formed to sodium carbonate as in normal persons When mjected 
into dogs, these substances produce convulsions (1922) (No experi- 
mental data ) When large amounts of albumose solution are m- 
jected intraperitoneally in rats and intravenously into dogs, a severe 
reaction, accompanied by hypoglycemia, results (1926) Cuneo’s 
experimental data, as published, are too meager to justify draivmg 
any conclusions Some of his statements are so far from the mark 
(such as the one repeated in his last article (1926) that a carbohydrate 
diet in epileptics produces acidosis) that one is doubtful of the whole 
research Catalano (1922) treated 7 patients with sodium nucleinate, 
suggested by Cuneo, without favorable results 
Speransky (1926) froze a arcumscnbed portion of the cortex of 
dogs with liquid carbon dioxide, the dura remainmg intact From 
two to thirteen hours later the animals had convulsions without refer- 
ence to the area treated If the frozen area was removed immediately 
no convulsions resulted Pieces of necrotic tissue from the frozen 
area was introduced under the dura of two dogs that later developed 
convulsions Repeated freezing of the bram m gradually increasmg 
doses allowed IS per cent of the dogs to survive what woidd otherwise 
have been alcthal dose In order to detemunc if this neuro ‘-’xm was 
m the arculating blood, he transfu ' ‘ cc of the ’ 'i 


about to die mto a normal dog 
6 days but no convulsions He 
ress concerning the 
immunized anunals* 
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Summary Though many authors have found a convulsion-pro- 
ducing toxin in the blood of epileptics, their reports leave us cold 
This is because the reactions obtained may have been anaphylactic 
phenomena, the result of the injection of foreign sera Most of the 
experiments were poorly controlled, and the data presented are un- 
convmcing However, the question is important and some of the 
experiments, especially those of Trevisanello and of Speransky are sug- 
gestive. Certainly the matter deserves more prolonged and careful 
research. 


Protein metabolism 

Constituents of body fluids. Information concerning incomplete or 
abnormal metabolism of food substances can be gained only by careful 
measurements of the constituents in mine, feces, blood or expired air, 
under controlled conditions of diet and activity. There is a wide- 
spread medical opinion that persons with epilepsy have either a de- 
rangement of protein metabolism or are peculiarly susceptible to 
proteiQ food. The basis of this idea apparently lies in earlier in- 
vestigations of the nitrogenous constituents of urine and feces 

Urine and feces It is difficult to summarize the findings of earlier 
investigators because of the variety of chemical methods used, some 
of which are now considered obsolete, and because of the discordant 
results obtained Here again one is oftentimes at sea because of the 
apparent failure of some investigators to control food intake or the 
periods of urine collection, and to obtain control measurements from 
normal subjects It seems hardly worth while to attempt analysis of 
this large amoimt of material We shall mention only a few of the 
observations most often quoted. Rohde (1909) studied three patients 
One of these showed a positive nitrogen balance during two periods 
of study. Dming a period of 46 days the patient consumed 17 grams 
of nitrogen more than she excreted Half of this (8 per cent of the 
amount ingested) could not be accounted for by an increase in body 
weight. The protein intake was excessive (2 2 grams per kilo), and 
it would seem that the importance of the positive balance in this one 
patient has been overemphasized AUers and Sacristan (1913) studied 
four patients for penods of from 4 to 25 days each, recording the un- 
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nary nitrogen, urea, unc aad, punn and phosphates They noticed a 
fluctuation in the nitrogen excretion In some instances there was 
presumably a negative nitrogen balance, but as fecal nitrogen was not 
measured regularly, an accurate balance could not be struck Pighini 
(1913) did a large amount of work on the nitrogenous constituents of 
the unne and the effect of injection of nucleic acid and other sub- 
stances Results were negative 

We have had unusual opportumty to study the mtrogen excretion 
of patients during penods of starvation, when the troublesome factors 
of the nitrogen content of food and feces did not enter in In a dozen 
such experimental penods we have found marked difference in the 
amount of mtrogen excreted in the unne with relation to body weight 
Such individual vanations, however, were no greater than have been 
found m healthy subjects So far as examination of the excretions 
go, we have no evidence that there is abnormality in the protein metab- 
ohsm of persons with epilepsy 

Blood Recent advances m methods of blood analysis have permit- 
ted a closer analysis of this question If, as some earlier wnters as- 
sumed, there is a retention of products of protein metabohsm in the 
body, there should be an mcrease in the concentration of these sub- 
stances m the blood 

The concentration of urea in the blood was measured in a few pa- 
tients and essentially normal values found by Obregia and Urechia 
(1914), Bouttier and Rodnquez (1920), Weston (1920) and Hartenberg 
(1924) Dufour and Semelaigne fl920) found increase of blood urea 
before seizure in one case Bruhl (1923) made 60 measurements of 
blood creatinine in 11 cases of epilepsy He obtained inconstant 
increase in creatimne, up to 2 16 mgm after seizures On the whole, 
however, measurements were fairly normal and constant from day to 
day Fnsch and Walter (1922) in 3 patients measured the non- 
protein nitrogen of the blood 56 times In only 2 out of 8 periods 
did measurements exceed 40 mgm Wuth (1921, 1925 and 1926, a) 
has discussed the metabohsm in epilepsy and has presented measure- 
ments (1922-1926, b and c) of the various non-protein nitrogenous 
substances in the blood Data concemmg 50 patients are presented 
in detail in his monograph (1922) In general measurements were 
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(within normal lunits. Values tended to be higher when blood was 
collected dunng convulsions of epilepsy, of general paresis, of hysteria, 
etc., than during interparoxysmal periods He attributes these high 
values to the muscular wotk involved in the seizures Lennox, 
Wright and O’Connor (1924) measured the various non-protein 
nitrogenous constituents in a large group of pktients Of 163 meas- 
urements of non-protein nitrogen made in 123 patients, only 12 were 
over 40 mgm Of 137 measurements of blood urea nitrogen, only 1 
was above 20 mgm Of 56 measurements of amido-acid nitrogen, 
only 1 was above 8 mgm Of 158 measurements of uric acid, 8 were 
above the normal limit of 5 5 mgm Of 77 measurements of blood 
creatinine, none was above 1 7 mgm In one case serial measurements 
were made before, during and after several seizures. These various 
constituents remained at a constant level. Lennox, O’Connor and 
Bellinger (1926) have also published measurements of non-protein 
mtrogen in 10 patients before, during and after periods of fasting 
There was some increase m non-protein and urea nitrogen during the 
first days of fastmg, due to increase protein breakdown, but such 
values were not abnormally high, they did not bear relationship to 
seizures, and were similar to measurements made in healthy fasting 
subjects 

The situation with regard to uric aad is of historical interest be- 
cause of the contention of Haig (1892) and others that seizures are due 
to a retention of uric acid in the blood The study by Lennox and 
O’Connor (1925) of the retention of uric acid which occurs during 
fastmg in both epileptic and normal subjects gives a possible explana- 
tion of the abnormal urmary uric aad findings of earlier investigators 
During^ketpsis .there is a marked retention.of-uric acid in blood^and ^ 
tissures with a great out-pouring of the retained product when the 
acidosis is relieved As we show elsewhere, there is evident relation- 
shl^belwe'en seizures and acid base changes in the body The vana- 
tion in uric acid excretion witli relation to seizures may parallel, in a 
purely passive and incidental way, the variations in the acid-base 
relationships of the body. The fact that concentration of unc acid 
in the blood rose as high as 22.5 mgm per 100 cc. of plasma during 
fasting, when there was reduction in the frequency of seizures, dem- 
onstrates that inaeased concentration of uric.acid in the blood plays 
no part in mdudng seizures. ' 
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It IS evident that the concentration m the blood of the products of 
protein metabohsm which we are able to measure is not abnormal 
Any changes which take place with relation to seizures are the result 
of seizures and not the cause Observations concermng the plasma 
proteins, and the anti-proteolytic ferments of the blood are presented 
elsewhere 

Spinal fluid Because, as we have seen, the concentration of the 
non-protem mtrogenous constituents of the blood m epileptics is nor- 
mal, we should not expect abnormal concentration of these substances 
m the spinal flmd Obregia and Urechia (1919) in 35 cases (74 meas- 
urements) obtained such marked fluctuations m concentration of 
urea in the blood and spinal fluid, before and after convulsions, that 
one questions the accuracy either of their technique or decimal pomts 
Patterson and Levi (1926) m an unstated number of patients obtained 
average values for urea of 26 mgm m spinal flmd and 29 mgm m 
blood Bouttier and Mestrezat (1920) m one patient found an in- 
creased concentration of urea in spinal fluid after status Laur6s 
and Gascard (1920) in 6 epileptics found the average measurements 
for urea after convulsions as SS mgm , m contrast with 28 mgm m 
6 patients after hysterical convulsions Presumably, the mcrease was 
due to the muscular work of convulsions Observations concernmg 
the total protem of the spinal fluid are presented elsewhere 

Ferments 

Anh-proteolytic The concentration of the vanous ferments in the 
blood is a measure of the activity with which the corresponding food 
matenals are being digested Rosenthal (1910) presents m a clear 
manner observations of the anti-tiypsin titre of the serum of 32 pa- 
tients, as measured by the amount of casein solution decomposed 
under standard conditions Of the 80 examinations made, 46 per cent 
showed a normal and 54 per cent a high titre Of the measurements 
made before seizures, 80 per cent were high and of those made after 
seizures, only 10 per cent Three charts are given showing the rela- 
tionship of anti-tryptic power to seizures In these there was tempo- 
rary increase immediately after seizure, due apparently to the 
muscular work involved Unfortunately, the observations were too 
few in number to be conclusive Pfeiffer and DeCnnis (1913) repoi. 



202 


WILLIAM G LENNOX AND STANLEY COBB 


increase of anti-tryptic titre at the time of seizures Pfeiffer, Stand- 
enath and Weeber (1925, a and b) made more than 500 observations 
of the peptidase content of blood and urine m more than 25 severe 
cases of epilepsy Measurements were made about every other day 
for as long a period as 36 days Single unne specimens, of which the 
volumes were not controlled, were used Charts, by means of which 
data are presented, show very marked fluctuations in the concentra- 
tion of the ferment, both in serum and urine. In the serum it may 
reach values several times the normal. There is no constant rela- 
tionship between the concentration in blood and m unne. The high 
blood values often accompany low values in the unne, suggesting a 
retention of peptidase in the blood. This apparent retention may 
precede the occurrence of convulsions or of psychic equivalents, al- 
though in the charts not every case of such retention was followed by 
a seizure. It is difficult to check statements concerning the titre of 
blood and urine with respect to seizures because the exact time rela- 
tions of samples to seizures is not indicated. The experiments suggest 
that there may be an increased permeability of the intestinal wall to 
the passage of ferments or deficiency in its elimination by the kidneys. 
Peptidase in itself is not toxic. Therefore, its increased concentration 
in the serum would be of significance only as an indicator of some factor 
such as increased decomposition of protein material in the intestines 
The use of catharsis reduced the concentration of ferment in the blood 
The authors did not obtain a reaction for peptidase in the spinal fluid 
of two patients 

Frisch and Walter (1922,a) found an increase of anti-tryptic ferment 
in a patient (5 measurements) as the day of seizure approached, an 
observation confirmed by Bronfenbrenner (personal communication). 
Wuth (1922) found what he considers normal anti-trypsin titre (0 821 
to 2.302) in 40 patients Serial examinations were too few to permit 
statement concerning abnormality with reference to seizures. Sacks 
and Zander (1927) found slightly subnormal values for catalase and 
perioxydase in 8 patients 

Abderhalden reaction In the days when an Abderhalden reaction 
was considered evidence of the formation of a ferment to deal with 
a foreign protein, various authors found positive reactions for bram 



epii^:psy 


203 


substance m patients witb seizures Maass (1913) obtained positive 
reaction in 7 patients Gngorescu (1914) in 60 patients noted positive 
reactions in an unstated number of cases not only ivith brain, but also 
with muscle and gland substance He also mjected intravenously 
0 5 gram of peptone made from brain substance mto a patient with 
resultmg reaction Mayer’s (1914) results were negative 
These observations concerning ferments are not convmcing because 
the authors do not present suffiaent data from control expenments 
The observations are suggestive enough to justify further study 
Respiratory metabolism DeCnms (1925) measured the Os and COj 
in the respired air of 4 patients and 2 normal subjects after the mges- 
tion of meat The patients did not show the expected increase m 
oxygen consumption and COs elmunation The author concluded 
that m epilepsy there is incomplete combustion of metabolic products 
We know, however, that healthy individuals differ greatly m their 
response to the mgestion of food DeCnms’ senes is too small to 
permit conclusions Frisch (1927) had an adequate group of 40 
women, 24 of whom showed little rise m oxygen consumption 60 to 
90 minutes after the ingestion of meat and rolls Measurements 
fluctuated so greatly that, m the absence of control data from healthy 
subjects, one suspects errors in technique 
Effect of protein feeding Although many chniaans msist on a 
protem poor diet for their patients, there are almost no controlled 
observations concermng the comparative effect of high and low pro- 
tem diets on the frequency of seizures Weeks (1923) and his asso- 
ciates, fed 6 patients for 48 dajs on an almost pure protein diet (meat, 
egg white and casein) Although the amount ingested was the maxi- 
mum that the patients would eat, the diet provided less than half the 
needed calones The number of convulsions before, dunng and after 
this speaal diet were in the ratio of 100, 80 and 60 respectively Be- 
cause the group used by Weeks ct al received no great benefit even 
from fat diet, it ivould seem that they were recalatrant to therapeutic 
influences Therefore, there is need for repetition of this experiment 
with a group of younger, less chronic patients Patients frequently 
state that if they eat meat a seizure ivill result One such patient 
of ours, a young woman of 21, m addition to her epilepsj had essential 
hjqiertension Tor a penod of 15 days we gave her only meat to cat, 
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witiiout thereby inducing either a seizure or an increase in blood pres- 
sure. It would seem th at a rigid meat free diet is of no benefit to p a- 
txentsja nd may do harm, through a reduction in body strength or the 
induction of primary^nemia Because protein food is acid fonmng, 
ir should on this account prove beneficial 

Though we find no direct evidence of abnormal protein metabolism 
in persons subject to convulsions, the matter is not closed Possibly 
there may be abnormal split products of protein metabolism, which 
we are at present unable to measure, that play a part Again it is 
pos^le that m epilepsy the body may react in an abnormal manner 
to normal protein metabolites Additional information might be ob- 
tained from the reaction of the body to the parenteral introduction 
of protein substances 

Hypersemthveness. Seizures are so swift and dramatic m their ap- 
neamnce that one naturally compares the condition with that 
occurring in anaphylactic shock. In this condition, there^is presuma- 
bly a disturbance in fimction of the endothehal cell fining of capil- 
laries, with consequent widespread and profound reaction* Zinsser 
J927). Various writers have pomted out certain resemblances be- 
tween epileptic seizures and anaphylactic shock, such as leucopenia 
and lowered temperature 

There is little direct evidence concerning the interrelation of these 
two conditions. Van Leeuwen and Zeydner (1922) found a toxic 
-nresent in the blood of patients suffering from asthma. 
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Wallis, Nicol and Craig (1923) performed skin tests upon 122 pa- 
tients, 37 per cent of whom gave positive reaction to vanous protein 
food matenals In a group of healthy subjects 4 per cent reacted 
The largest number of patients, 28, were positive for peptone The 
authors found that patients who gave a positive reaction were more 
sensitive before and less sensitive for several hours after a seizure 
As a matter of therapy, they endeavored to eliminate the offending 
protein from the diet They state that in 13 private cases “good 
results” followed Howell (1923) rentes 14 case histones in which 
persons were sensitive to vanous substances or had seizures after eat- 
ing certain foods In two patients arrest of symptoms followed treat- 
ment Cohen and Lichtig (1924) tested 10 patients to 128 proteins. 
None of the patients showed a reaction which could be correlated with 
the convulsive seizure In a group of 250 patients with asthma ques- 
tioned by them, there was no unusual inadence of epilepsy in the 
families Spangler (1927) obtained a family history of allergy in 88 
out of 100 epileptic patients He had no control data Ward and 
Patterson (1927) carried out skin tests upon a group of 1000 patients 
with a large number of substances Forty-seven per cent of these 
patients gave a positive reaction, in contrast to 8 reactors in 100 non- 
epileptic subjects Unfortunately, the authors do not state their 
criterion of a positive reaction More than one-half of the reactions 
counted as positive were tabulated as "plus or minus ” Eastlake’s 
(1925) patient reacted to manj animal proteins, and had an almost 
fatal convulsion when given an injection of 4 drops of sterile beef 
broth One of our patients gave a jiositive reaction for feathers, and 
uas better when removed from contact with them Our triumph ivas 
short lived, for seizures recurred and autopsy revealed a glioma of the 
brain Another patient u ith frequent seizures reacted to streptococci 
and following the removal of an infected tooth had no seizures for 
seven years — when they recurred 

The fact that among patients mth epilepsy the inadence of al- 
lergic conditions, such as bay fever, asthma, sensitiveness to horse 
serum, etc , is not great, is against the importance of this factor in 
any but the exceptional patient Wc have spoken already of features 
whicli some wnters mterpret as anaphylactic phenomena, eg, the 
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hemodastic crisis of Widal, Abderlialden’s reaction, and the reaction 
in animals following the mjection of blood from epileptic patients. 
Additional circumstantial evidence concerning the results of protem 
injections in epileptics follows. 

Protein injections. MiUer (1924) has treated patients with migraine 
successfully by intravenous injections of peptone. He calls attention 
to the fact that epilepsy and migraine have much in common and that 
similar benefit might follow the use of peptone injections in epilepsy. 
McCready and Ray (1924) and Roddis (1925) present arguments, but 
no new data Auld (1920) and Edgeworth (1920) have used peptone 
treatment. The latter gave intravenous peptone injections in 23 pa- 
tients, in 9 of whom there was suppression of spells “for months ” 

A more potent and dangerous material for injection is rattlesnake 
venom (crotahn), the empiricism of which is founded on the cir- 
cumstance that a patient in Texas was free from seizures after being 
bitten by a rattlesnake Spangler (1918 and 1925) stated that be 
has treated 400 patients with more than 10,000 intramuscular injec- 
tions. He beheves that the eosinophiha which follows injections is a 
measure of the clinical improvement. In 25 patients showing eosino- 
philia, attacks in one-half have been absent for a period of from 2 to 5 
years In addition, he has advocated (1924) the use of glandular 
substances Spangler’s work deserves httle attention because of his 
failure to present the therapeutic results obtained in his large group 
of treated patients Fackenheim (1926) states that of 50 patients 
treated since 1910, 20 have been free of attacks Crotalin injections 
have proved useless or worse in the hands of Jenkin and Pendleton 
(1914), Thom (1915), RusseU (1922) and Reinthal (1924). 

A rather more mnocuous form of protem therapy is that of intra- 
muscular injections of milk DoUken (1920) and Janota (1923) saw 
and Weidner (1924), Schwartz (1925) and Becker (1924) did not see 
benefit from its use. 

Injection of Pasteur anti-rabic vaccine is yet another form of 
parenteral protein injection Ossokin and Ochsenhandler (1924) 
treated 28 cases, a fourth of whom were “much improved ” Horoshko 
(1925) treated 20 cases, as many as 100 daily injections being given 
Improvement resulted in many cases Milizyn (1926) gave 90 daily 
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injections in 69 patients, in 38 per cent of whom improvement in 
frequency of seizures and in mental condition resulted 

Empinasm knows no bounds in the treatment of epilepsy Several 
authors have given patients injections either of the patient’s own or 
of normal human blood Suttel and Arsac (1924) give an amusing 
account of a horse with a diseased hoof which they treated by repeated 
subcutaneous mjection of 2 cc of serum from an epileptic patient 
Eventually the horse recovered, the result bemg attnbuted to the 
healing properties of the epileptic blood 

Summary The only direct evidence of abnormal protem metab- 
olism m epileptics is the increased blood fibnnogen and spinal fluid 
protem and the mcreased anti-proteolytic ferments which a mmority 
of patients show Allergic phenomena are present in the occasional 
patient There is no convmcing evidence that the eating of meat 
or other protem food influences attacks 

Carlohydraie mclabohsm 

The question of the concentration of sugar in the blood of persons 
subject to convulsions has received little attention This is perhaps 
due to the fact that interest has been focused on the protem 
metabolism 

Insulin convulsions The discovery that msulm hypoglycemia in 
rabbits is accompanied by convulsions has thrown the question of 
carbohydrate metabolism m epilepsy mto the foreground Although 
convulsions, as a feature of hygoglycemic reactions, are much less 
frequent in man than m ammals, they do occur The mechamsm by 
which such convulsions are produced is yet a matter of debate 
MacLeod (1926) has recently discussed the explanations which have 
been advanced, viz , a disturbance of the balance of glucose withm 
and without the nerve cells, anoxemia of nerve cells and an mterference 
wth afferent impulses from the labyrmths Interestmg observations 
concerning the glycogen content of the bram m animals ivith convul- 
sions have been presented m the section deahng wath functional in- 
stability of the bram 

Increased imtability of muscle or nerve to galvanic stimuli, asso- 
ciated with insulin hypoglycemia has been found in non-epileptic 
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patients by Behrendt and Hopmann (1924) and Waltner (1925) and 
in animals by Greisheimer (1925) These observations make it 
pertinent to inquire whether persons subject to periodic convulsions 
show diminished concentration of glucose in the blood, either con- 
stantly or with relation to seizures 

Sugar %n blood anj, urine Certainly there is no marked coin- 
cidence of diabetes and epilepsy The following authors have 
measured blood sugar in the stated number of epileptic patients, viz , 
Weston (1916) six, Heidema (1919) five, Kooy (1919) eight, Kersten 
(1921) eighteen, Schwab (1922) ten, Wuth (1922) forty, Barlocco 
(1922) five, Olmstead and Gay (1922) twelve. Weeks, Renner, Allen 
and Wishart (1923) forty-three, Shaw and Moriarty (1924) five, 
Holmstrom (1924) twenty, Nielson (1925) fifty-four The authors 
with the large groups of patients found normal values Lennox, 
O’Connor and Bellinger (1927) made 512 measurements in 270 
' patients The normal values obtained in this large senes demonstrate 
that dur mg the interparoxysmal period, the c on centration of sug ar 
in th l^ E ldo d" is normal. In fasting, as Shaw and Moriarty (1924) 
and Lennox, O’Connor and Bellinger (1926) have shown, blood sugar 
in these patients is at a constant low level and seizures are reduced in 
frequency 

The question next arises as to whether significant changes in the 
concentration of blood sugar occur with reference to convulsions. 
Kersten (1921) presents 18 curves showing the concentration of blood 
sugar at frequent intervals throughout the day. Fourteen of these 
curves were made on days in which patients had seizures He states 
that low values were found in the half hour or hour preceding seizures, 
and higher values dunng the several hours following Inspection of 
the curves, however, shows that this was not always the case The 
fluctuations m the sugar level were so violent — between 40 and 220 
mgm , that one suspects errors in analysis, or that the influence of 
food was not taken into account Kersten sees in the fluctuating 
levels of blood sugar an evidence of fluctuations in the activity of the 
adrenal glands In contrast with these observations, Hohnstrom 
(1924) in several patients found very slight changes in blood sugar 
level, i e , from 80 to 104 mgm , a variation no greater than occurs m 
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normal individuals The author states that seizures occurred at the 
low points in the curves He attributed the observed fluctuations to 
disturbance of the sympathetic system Vollmer (1923) saw in the 
decrease in concentration of sugar which occurred before a seizure in 
one of his patients, evidence of altered acid-base relationships The 
observations by Fnsch and Walter (1922), by Wuth (1922), Barlocco 
(1922) and Pezzah (1923) are too fragmentary to permit conclusions 
Cuneo (1925) observed hypoglycemia after convulsions in a small 
group of patients Metcalf and Monarty (1926) reported a great 
mcrease in sugar, up to 312 mgm in blood collected dunng convul- 
sions from a patient with nephntis 
From frequently repeated measurements made in a patient having 
senal convulsions, and in a healthy person who simulated convulsions, 
Lennox, O’Connor and Bellmger (1927) concluded _that any increase 
mjilood sugar which takes place durmg convulsions'is'lhO'esulltif- 
t he muscular" exertion and asphyxia of the seizure, and^jSherJlobd' ' 
s ugar mcreases depen ds on'ihje amount of readily available glycogen 
in the bod y They believe that in the usual case o^epilepsy ^er^« 
n o eviden c e that bl ood sugar plays any more than a passive r61e in j 
-th e events assoa ated with seizures ^L^e unusual jpatienf,’”ex- i 
treme hypoglycemia may aisisFih the precipitation of seizures One 
of their '^tients~was~a~ievere diabetic whose" first convulsion had 
followed an overdose of insulin On seven occasions the patient was 
given a large dose of insuhn with depression of blood sugar to below 
SO mgm , accompanied by hypoglycemic reaction On two occasions, 
when blood sugar was at its lowest point, the patient had a generalized 
convulsion, and on another occasion, when blood sugar was only 25 
lugm , he was mentally confused but had no convulsion On other 
occasions, m contrast with the cases reported by Miller and Trescher 
(1927) and by Harrop 11927), he had convulsions not related to insulin 
injections when the concentration of blood sugar was normal 

Spinal Jlmd Only scattered observations of the sugar content of 
the spinal fluid have been reported Thabuis and BarbC (1913) in 
7 patients found values between 20 and 43 mgm Wittengenstem 
(1923) m 10 patients found values from 45 to 89 mgm In three 
instances sugar was higher a few hours after seizure than before 
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ments, a decreased concentration before the fit Osnato and Killian 
(1927) obtained variable values not only in patients but also m 
healthy subjects 

Pighini (1910) in 25 epileptics, found crystals of cholesterin in the 
spinal fluid of 10 Goebel (1924) in an unstated number of patients 
found increased amounts of cholesterol in the spinal fluid before 
seizure. Osnato and Killian (1927) obtained a measurable amount 
in only one of 22 patients examined 

t Respiratory metabohsm DeCrinis (1925) m one patient obtained 
1 somewhat abnormal values for oxygen consumption and the respira- 
\ tory quotient followmg the ingestion of fat Geyelm (personal com- 
munication) in observations made on patients on high fat diets ob- 
tained extremely low respiratory quotients, which he could explain 
\ only on the grounds of an abnormal metabolism of fat This sub- 
\ ject IS receiving attention at the Russel Sage Institute 

Efect of fat feeding Epileptic patients have an unusual ability 
to consume and metabolize fat, and while on a fat diet many of them 
show a stnkmg reduction in the frequency of seizures Because this 
effect is apparently associated with changes in acid-base equihbnum, 
the observations are discussed in the following section. 

As to other constituents of the diet, the effect of the mgestion of 
certain of the mineral salts wiU be discussed in the next section As 
to vitamins, only Tracy (1926) has attributed seizures to their ab- 
sence from the diet. 

I Summary. Although there is no conclusive evidence of a disordered 
; metabolism of fat in epilepsy reported abnormalities reqmre further 
mvestigation Amelioration of symptoms may accompany incomplete 

: oxidation of fat, due to the resultmg decrease m irritability of nerves 

Acid-base equilibrium 

Urine. The principal recent work on this subject comes from Co- 
penhagen where a group of workers have observed a constant abnor- 
mality in the proportionate amount of ammonia elimmated by 
epileptic patients Observations have been presented as follows. 

Bisgaard, Jarlov and N^rvig (1918), Jarlov (1919), Bisgaard and 
" N^rvig (1920), Larsen (1921), N^rvig (1921, a and b), Bisgaard 
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(1922), Bjsgaaxd and Nfirvig (1923), Schrj^der (1923), N^mg and 
Larsen (1924, a and b), NjJrvig (1924), Bisgaard (1925), Schou and 
Teglbjoerg (1925) and Teglb]oerg and Madson (1926) 

As these vanous authors apparently used the same methods and 
matenal, we may summarize their findings as follows Hasselbalch 
in 1916 showed that m healthy subjects the ratio of ammonia nitrogen 
to the total nitrogen of the unne, if plotted against the pH of the 
urme, gives a value which is fairly constant In conditions m which 
there is ketosis, this quotient is greatly increased, and the condition 
IS spoken of as “dysregulation ” Accordmg to N^rvig (1924) 21 1 
epileptic patients and 10 normal subjects have been investigated \ 
Some 1000 measurements of the NHjN/TN — pH ratio have been | 
made In all cases of essential epilepsy examined, except two m 
which focal brain lesions were foimd, the above mentioned quotient 
varied widely from day to day Because pH of the unne remained 
fairly constant, the fluctuation in the reduced ammonia value was 
due to excessive output of NHj This output was not related to 
seizures except that fluctuations were greater when seizures were 
more frequent The authors found a similar condition m tetany 
and paratlijuroidectomized animals Feeding of gland substance to 
such patients and animals partially overcame the dysregulation For 
these reasons the authors believe that seizures are a symptom of 
endocnne disturbance, the treatment of which should be admmistra- 
tion of parathjToid gland and sulphunc acid They conclude that 
m epilepsy, ammonia is produced in the body without respect to body 
needs, and the body lacks the normal ability to dispose of the excess 
of acid or of alkali Subsequent investigation has shown the writers 
that this "dysregulation” occurred in an occasional patient without 
epilepsy, e g , patients ivith cncephahtis, dipsomania, dyspepsia, and 
the healthy mother of an epileptic Moreover, Jensen (1925) reported 
three and Reiter (1925) two epileptic patients who showed no dys- 
regulation Rafllin (1925) also disagreed, though he presented but 
fragmentary data 

The demonstration by Benedict and Nash (1926) that ammona 
IS formed in the kidney and serves to maintain a normal pH in tAf 
unne, takes tlie mam support from Bisgaard’s conception ofNH,*-ii? 
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important regulator of neutrality in the body Erickson, Levinsen 
and Warburg (1927) have critically examined the ground covered by 
Bisgaard ‘"Dysregulation,” they conclude, is neither specific for 
epileptics nor constantly found in them It may be caused by defi- 
cient food intake or by insufficient function of the respiratory center 
Gamble and Hamilton (1927) performed a carefully controlled 
experiment of 27 days, during whidi the child being studied had four 
two-day periods of seizures The diet was accurately constant as 
regards its acid-base composition A large increase in total acid 
excretion, mostly due to chloride, paralleled by mcrease in total fixed 
' base, mostly sodium, occurred during periods of seizures. The 
1 authors are not sure how much of this increase in acid excretion was the 
result of the increased activity from seizures. During the latter part 
of the experiment, seizures were controlled by large doses of luminal 
There was increased acid and base excretion on the days when seizures 
were due, though this was not as great as occurred with seizures. 
During the period of observation, the pH of the urme and its ammonia 
content were not appreciably altered 
The observations of Stuurman (1923-1924) are almost without 
value because of the madequate methods used Vollmer (1923 and 
1925, a and b) made frequent measurements during the day of titratable 
acidity, pH and phosphate of the urme of children He noted that 
the acidity was decreased before seizures and increased after. 

Blood and spinal fluid Studies of the relationship of acid-base 
changes in the body to convulsive seizures offers a most promising 
field of investigation Twenty or thirty years ago when the medical 
world beheved that ‘'acidosis” was the cause of various morbid con- 
ditions, it was often stated that persons with epilepsy presented evi- 
dence of a decreased alkalinity of body fluids Because of the lack 
of exact methods for measuring acid-base relationships, such state- 
ments were, of course, without foundation 

The observations of Charon and Briche (1897), Pugh (1902), 
Schultz (1907), Frisch and Walter (1922) and DeCrinis (1925), most 
of whom reported the blood as less alkaline than normal are now vnth- 
out value. Nevertheless their conclusions are even yet being quoted 
The animal experiments of Ehas (1918) cannot be dismissed so quickly. 
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He injected various acids intravenously into dogs Following such 
injection there was increase in nervous irritability and in some in- 
stances convulsions, which could be arrested by intravenous mjection 
of bicarbonate The degree of aadosis obtained was not measured. 
Opposite conclusions were reached by Frohlich and Sole fl924) and 
Lennox and Beetham (1928) 

Hydrogen-ton concenlration The hydrogen-ion concentration of a 
fluid IS the ratio between its acid and basic elements pH may be 
measured by electrometnc or colonmetric methods In normal per- , 
sons, accordmg to Cullen and Austin (1925), pH of the blood plasma 1 
may vary between 7 30 and 7 50, a wider range than was at first J 
recognized 

Jarlov (1921) without presenting data, stated that he has found 
blood as alkahne as pH 7 42 in epilepsy .Geyehn (1923) was the 
first to work extensively on this subject He stated that daily 
measurements of the pH of the blood plasma of patients showed no 
curve definitely characteristic of epilepsy, but there was a distinctly 
wider range of blood pH from day to day and from hour to hour in 
epileptics than in normal persons Bigwood (1923 and 1924, a and b) 
has published data concermng ten patients studied while working 
With Geyehn and 30 paUents studied subsequently in European 
clinics Data (1924b) are presented by means of a senes of charts 
The pH of the plasma was measured by the colorimetnc method of 
Cullen In all, 380 measurements were made Periods of observa- 
tion varied from one week to three months, dunng which time blood 
was taken every other day Vanous experimental procedures, such 
as the use of fasting, bromide, lununal and calaum chloride w ere tried 
The following is a summary of Bigwood’s observations, so far as they 
concern plasma pH Taking normal values for pH as 7 33 to 7 39, 

25 epileptic patients on at least one occasion, showed an abnormal 
reading, the extreme limits being 7 26 and 7 48 In general, alkalosis | 
preceded seizures There was no relationship between the degree of 
alkalosis and the seventy of seizures Dunng a long period wthout 
seizures the pH might remain normal In some instances an m- .1 
creased alkalinity of the blood was not followed by a seizure, dso a V 
Seizure might occur without preceding increased alkalinity Cases < 


216 


WILLIAM G LENNOX AND STANLEY COBB 


With psychic manifestations, petit mal, etc, without convulsions, 
did not show such marked fluctuations m pH. Plasma pH was 
normal in 5 out of 6 patients with Jacksonian epilepsy, and in one 
case each of hysteria and syphilis with convulsions Various meas- 
ures, such as fasting and high fat diets and the admimstration of HCl 
and borotartrate caused a decrease in the alkalinity of the blood and 
a decrease in seizures Bigwood further believes that the tendency 
towards alkalosis is not due to over-ventilation, as shown by normal 
measurements of blood and alveolar CO 2 In subsequent publica- 
tions he explains convulsions on the basis of diminished concentration 
of ionized calcium in the blood These observations will be pre- 
sented later. 

Frisch and Fried (1926) considered Bigwood’s measurements 
erroneous because the factor for protein used in Cullen’s method is not 
applicable to serum from epileptics, who have a defect in their protein 
metabolism They measured the pH of the serum of 23 epileptic 
patients, using the colorimetric method of Hallo and Weiss This 
method, they say, gives a value for normal serum of from 7 48 to 
7 58 They concluded that there is no displacement of the pH m 
epilepsy, although inspection of their measurements, of which 105 
in all were made, shows considerable fluctuation in values, between 
7 45 and 7 77 Of the 9 patients whose blood was examined on 7 or 
more occasions, all but one, on one or more occasions, had a value 
outside the limits of the authors’ normal range Seven of the nine 
showed a measurement more alkalme than 7 58 The time relation- 
ships of venesection to seizures is not clearly indicated Marrack 
and Thacker (1926a) using the colorimetric method, in 8 patients 
examined found pH values withm normal limits Dautrebande 
(1926) measured the pH of the blood in 7 patients Usmg the 
Cullen method, values between 7 37 and 7 52 were obtained, the 
average of 26 measurements being 7 46 The Hasselback method, 
in which pH is calculated from measurements of the alveolar CO 2 
and the CO 2 tension of the blood, in 14 measurements gave an average 
of 7 36 Such discrepancy was not found in non-epileptic patients 
The author explains the relatively high values obtained by the CuUen 
colorimetric method by supposmg that there is an alkalme substance 
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in the blood of epileptics which does not combine with COs in vivo 
Proof of such a conception would require the presentation of more 
data than the author gives 

Measurements of the pH of spinal fluid have been reported by 
Patterson and Levi (1926) The average value for the group was 
7 75 The abnormality was so great, amounting in some instances to 
an extreme alkalinity, that one must suppose the authors were not 
able to check their standard solutions against electrometric measure- 
ments Georgi (1926) states that he has often observed preparox- 
ysmal alkalosis but does not give the method used nor present data 
Osnato and Killian (1927) obtained normal pH values for spinal fluid 


TABLE J 

Add base compostUon of normal blood plasma 


BASE 

N/10 sottrrioK 
PER 100 cc 

PUISUA 

PPR CEMT 

ACID 

K/IOSOLV 
TION PER 

100 CC 
PLASMA 

PCRCEMT 

Na' 

143 4 


HCO,' 


17 3 

K' 

5 1 


Cl' 

BiiIihA 

66 0 

Ca' 

5 0 


HPO,' 

HEM 

I 9 

Mg' 

2 5 

1 6 

SO/ 


6 

NH, 

lasigniGcant 

Tr 

Organic acid 

2 0 

1 2 




Protem 

20 0 

12 8 

Total 

156 0 

100 0 


156 0 

99 8 


K we accept 7 30 and 7 50 as the limits of normal values for pH of 
the blood, none of the dependable previously mentioned observations 
demonstrated an abnormal equilibnum They do seem to show, 
however, that m epileptics there is, within this nonnal liimt, an un- 
usual degree of fluctuation from day to day with a tendency to ap- 
proach a more alkaline reaction 

It IS possible for the pH of fluid to be normal and jet for both acid 
and base elements, simultaneously to be cither abnormally increased 
or dcCTcased We need to know, therefore, the concentration of the 
vanous constituents which go to make up the aad-base ratio Gam- 
ble, Ross and Tisdall (1923) list these substances and express their 
relative values in terms of cc of 0 1 normal solution per 100 cc of 
plasma (table 2) 
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Base substances. Because the amount and relative proportion of 
the four basic elements is of such importance m mamtaining the func- 
tion of body cells, it is important to know if their concentration in 
body flmds of patients with epilepsy is normal. Comprehensive ob- 
servations are few. The most important are by Hamilton (1925) 
He made very careful measurements of chlonde, bicarbonate, inorganic 
phosphorus, total fixed base, and calcium m the serum and spinal 
fluid of 17 patients with epilepsy. He found these substances present 
in essentially normal amounts. Furthermore the ratio of their con- 
centration in serum and in spinal fluid followed Donnan’s theory of 
membrane equilibrium Gamble and Hamilton (1927) in a single 
patient found no significant alterations in the concentration of fixed 
base, chloride, bicarbonate, or the pH of blood plasma with relation 
to seizures. Blumgarten and Rohdenburg (1927) found normal values 
for sodium, potassium, magnesium and calcium in the whole blood 
of four patients with epilepsy 

Plasma bicarbonate. Sodium represents 92 per cent of the basic 
elements in blood serum In the absence of conditions, such as dis- 
turbed respiration, which might upset the normal acid-base ratio, 
measurement of Na (through determimng the amount of CO 2 which 
wUl combine with the blood or plasma) offers a ready clinical method 
for determining the presence of acidosis or of alkalosis. Mjzirdre (1922) 
measured the plasma bicarbonate 21 times in 5 patients. The 
average reading was 65 volumes per cent. He produced an 
insignificant increase in one patient vnthout inducing a seizure 
Frisch and Fried (1926) made 56 measurements of blood bicarbonate 
in 12 patients, using the method of Hallo and Weiss Values 
between 43 5 and 78 4 volumes per cent were obtained They con- 
sidered these normal Dautrebande (1926) made 22 measurements 
of 7 patients Values vaned between 55 and 65 7 volumes per cent. 
He considered daily fluctuations abnormally large and believed the 
blood of epileptic patients tended to be abnormally alkaline, but 
observed no relationship between alkalmity and the occurrence of 
seizures. Lennox and Allen (1928) have measured the plasma 
bicarbonate of 100 patients All but 12 of these measurements were 
within the normal limits of 55 and 70 volumes per cent Abnormality 
when present was in the direction of increased alkalinity 

Calcium Though calcium constitutes only 3 per cent of the total 
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base in blood serum, its possible vanation m epilepsy has mterested 
many workers This is because of the well known relationship be- 
tween increased imtabihty of nerves and decreased concentration of 
blood calaum m tetany and the relation of calaum to the penneabdity 
of capillanes This question is discussed at length in the sections on 
parathyroid glands and on hyperpnea Here we shall discuss only 
the concentration of calaum in body fluids 

Measurements of blood calcium made by Pnsch and Weinberger 
(1922) in 3 patients and by Pezzah (1923) m 5 are so diverse that one 
doubts their accuracy Vollmer (1923) without presenting data, 
states that measurements of blood phosphate and calcium are not 
changed m epilepsy Ueiter (1925, m 12 patients obtained values 
between 8 3 and 115 mgm He considered these low There was nc 
change mth relation to seizures There was considerable variatior 
in the measurements made on 3 different occasions in each patient 
Sachs (1926) found normal or high values m 8 patients examinee 
twice a week In several instances measurements were higher at the 
time of seizure Talbot and Monarty (personal communication) 
found normal values in children both for phosphate and calaum 

The measurements which have been given are for total calcium 
Bigwood (1923, and 1924a) believes that in patients wuth epilepsy 
the significant thing is the reduction in the blood of ionized rathei 
than of total calaum Ionized calaum was computed by a formuh 
using measurements of the pH and the COj tension of the blood 
Curves m the charts, therefore, represent the same expenmenta 
penods and follow in general the previously reported curves foi 
blood pH They mdicate that in general low concentrations of th( 
ionized calcium preceded seizures The \ ariations m actual measuro 
ments, however, were small 

If, as Marrack and Thacker (1926b) believe, the calaum of the 
spmal fluid is in the ionized form, its measurement should permit ar 
evaluation of the views expressed by Bigwood The authors found 
normal values m the spmal fluid of a small group of epileptic patients 
The normal measurements made by Hamilton (1925) have beer 
mentioned Lennox and Allen (unpublished data) have measured 
calcium in 100 patients High and low xalues in the serum or plasmc 
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were 115 and 7 8 mgm , and in the spinal fluid 5 5 and 4 5 mgm 
The ratio of spinal fluid to blood calcium was between 41 and 55 per 
cent, a normal ratio Except for one case of tetany and convulsions 
reported by Liu (1928), we have seen no observations concerning the 
calcium balance in epilepsy 

Tracy (1926) exhibits an x-ray of a patient that shows a decrease 
in density of the bones, due, he suggests, to loss of calcium salts 
This observation would need extension before it could be given 
weight. 

The various observations demonstrate normal values for the cal- 
cium in blood and spinal fluid Clearly epilepsy is not tetany. The 
two conditions, nevertheless, as we saw when we considered the para- 
thyroid glands, have much in common 
Ammonia. Ammonia is present in the blood in such insignificant 
amounts that it plays practically no part in acid-base relations Bis- 
gaard and N^rvig (1923), however, considered it significant that they 
found as much as 1 42 mgm of ammonia per 100 cc of blood. Big- 
wood (1924) said he found normal values in epileptics, but did not 
give data Luck, Thacker and Marrack (1925) in 10 epileptic patients 
found concentrations between 0 06 and 0 32 mgm In non-epileptic 
patients, measurements were from 0 02 to 0 37 mgm They remind 
us that during starvation the concentration of ammonia in the blood 
is increased and seizures are decreased 
Acids. HCOs', chlonde and protein constitute all but about 4 per 
cent of the acid substances of the plasma Of these HCOa' closely 
parallels pH and is therefore presumably normal in epilepsy The 
concentration of plasma proteins, which we have discussed in the 
section dealing with blood, is also essentially normal 
Phosphates. Concentration of inorganic phosphorus, which con- 
stitute about 2 per cent of the total acid of serum, has been found 
normal by Hamilton (1925), by Talbot and Moriarty (personal com- 
munication) and by Osnato et al (1927) 

Chloride. Chlonde constitutes about 66 per cent of the total acid 
of plasma It has been accused of increasing imtabihty of nerve 
cells, the elimination of NaCl from the diet is an accepted procedure 
with some physicians, therefore an inqmry concerning the concentra- 
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tion of chlonde in body fluids is of particular interest Normal values 
for NaCl may be placed between 450 and 500 mgm for whole blood, 
and 570 and 620 mgm for plasma 

Weston (1920) in 10 patients obtained values between 480 and 512 
mgm for whole blood Fnsch and Weinberger (1922) m 3 patients 
measured sodium chlonde 38 tunes They state that low values pre- 
ceded the occurrence of seizures, in one patient reaching the un- 
believably low figure of 210 mgm They assume that the low con- 
centration in the blood indicates retention of chloride in the tissues, 
which with accompanying edema of the bram might cause convulsions 
The theory is reasonable, but the laboratory data are both frag- 
mentary and unreasonable Pezzali (1923) m 5 patients obtamed 
somewhat higher values dunng or after seizure than before Weeks, 
Renner, Allen and Wishart (1923) in 43 patients examined found 
that values m the plasma lay between 536 and 626 mgm The rather 
low values encountered were attnbuted to the salt poor diet which 
patients had been receiving Sherrill (1924) m 5 patients found an 
average value for plasma of 580 mgm Hamilton (1925) in 17 
patients and Lennox and Allen (unpubhshed data) m 100 patients, 
found a normal concentration of NaCl in the blood plasma and the 
spmal fluid and a normal ratio between the NaCl content of the two 
fluids This last observation is of importance because it suggests that 
a normal relationship exists between the concentration of NaCl m 
blood and tissues 

Cdnceming the effect on seizures of altering the salt content of the 
blood, Weeks et al (1923), Shemll (1924) and Lennox and Allen 
(unpublished data) found that the NaCl of the blood of patients vias 
reduced by fasting or a salt poor diet The last named authors ob- 
tamed a coincident reduction m seizures dunng fast, but found that 
administration of salt for short penods dunng fast with a marked 
retention of salt in the body was not accompanied by a return of 
seizures (see fig 12) In one patient intravenous mjection of hyper- 
tonic sahne solution apparently decreased somenhat the length of 
time required to produce seizure by ovcr-ventilation Increasmg the 
concentration of plasma chlonde by administration of large amounts 
of CaClj resulted at first in a reduction in seizures, followed later by 
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a great increase (fig 10). Freudenberg (1926) in a single patient 
found that a salt poor diet and 10 grams of bicarbonate a day 
resulted in a low concentration of chloride in the blood This condi- 
tion was accompamed by an amelioration of symptoms Over- 
ventilation produced a tetany-like seizure when NaCl was given and 
a seizure without tetany when NaCl intake was reduced The 
author concluded that the reduction of chlonde ions rather than the 
alkalosis was the factor of importance in reduang seizures. 

Volhner and Serebrijski (1926) in observations of a boy who was 
given fasting treatment and various diets, found that the concentra- 
tion of chloride in the blood varied between 396 and 559 mgm , except 
when the patient waS given salt, at which time it reached as high as 
645 mgm. The authors believed that increase of chloride in the blood 
was the factor of importance in increasing seizures However, 
seizures occurred so mfrequently and experimental procedures were 
vaned so frequently that the relationship between seizures and the 
salt content of the blood was by no means certain. 

In any such studies it is necessary to measure not only the concen- 
tration of chlonde m the blood, but the chloride balance as well. In 
spite of the imconvmcing nature of the evidence concemmg the rela- 
tion of the level of chlonde m the blood to seizures, these observations 
and the fact that tetany in animals can be produced by intravenous 
injection of NaCl make it seem not improbable that increased con- 
centration of chlonde in nervous tissues may play a contnbutoiy 
part in seizures 

Organic acids. As to the presence of organic acids in the body 
fluids, Glaser (1926) obtained normal values for lactic aad in the 
spinal fluid of three patients Osnato and Kilhan (1926-1927) 
m 35 of 40 patients examined, found lactic acid of both blood and 
spinal flmd increased, on the average, 74 per cent above normal 
We wonder if anoxemia, which causes increase of blood lactic acid, 
was responsible Pnor and Edwards (1926) obtamed a reaction for 
acetone in the spmal fluid of 10 out of 53 patients in status 
Presumably this was due to starvation ketosis 

Summary We beheve that in patients with epilepsy in the inter- 
paroxysmal periods, the acid-base balance in the body fluids is essen- 
tially normal Within the normal limits, there may, however, be 
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an abnormal degree of vanation from day to day Durmg and im- 
mediately after seizures, as a result of asphyiaa and muscular contrac- 
tion, there is a temporary condition of aadosis 

EJfect of induced alkalosis 

The effect of altenng the emstmg acid-base balance in certain pa- 
tients with epilepsy is stnkmg 

Admimsiratton of alkali The measurements of the reaction of the 
blood by Charon and Bnche (1897) have been quoted as supporting 
the theory that acidosis is present in epilepsy They reported, 
however, that eight patients who received subcutaneous injections of 
alkaline solutions showed increased frequency of seizures In the 
instances quoted by Labbe 0920) in which patients with diabetic 
aadosis had convulsions, a perusal of the case reports shows that many 
of these patients were receiving heroic treatment with bicarbonate 
We have noted in a previous section that tetany may be precipitated 
by the administration of alkali In addition to these observations on 
patients, Claude, Rafflin and Montassut (1926) performed expenments 
with dogs, measunng the pH of the blood by the colonmetnc method 
of Hastings They found that normal values lay between 7 33 and 
7 40 They then applied a solution of zinc to the cortex and mjected 
sufhcient bicarbonate to change the pH to 7 SO This degree of 
alkalosis was not followed by convulsions They concluded, there- 
fore, that in dogs with cortical lesions, the production of alkalosis in 
itself as not suffiaent to cause convulsions 

Certain observations made by us are represented in charts which 
follow In patient L R (fig 14) alkali was given for two days during 
a penod of fasting There was some increase in the daily number of 
petit mal In this instance, although plasma bicarbonate was 
greatly mcreased, the degree of ketosis was presumably increased 
also In patient H G (fig 1 1) alkali was given on two occasions 
at the end of periods of induced aadosis, one from administration of 
CaCls and the other from fasting In both instances the sudden 
swing from acidosis to alkalosis was accompanied by a great increase 
in the frequency of seizures In another patient (fig 10) the feeding 
of large amounts of alkali produced little alkalosis and no increase 
in seizures 
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As a result of these and other observations, we beheve that whereas 
a continued artificial alkalosis may not be associated with an increase 
in seizures, any sudden upsetting of the acid-base balance toward the 
alkaline side may have such effect 

Hyperpnea A new method of studying convulsions has been 
opened through the observation that seizures may be induced by over- 
ventilation of the lungs 

Rosett (1924) made important observations on various nervous 
conditions, including a patient with Jacksoman epilepsy, by this 
method Foerster (1924, 1925a) tested the effect in 45 epileptic 
patients With the patients sitting he had them forcibly expire for 
a period of 10 minutes In 25 patients a seizure resulted On repeti- 
tion of the test, in the majority of cases seizures resulted only occa- 
sionally. The induced spells in the same individal were similar 
Some patients responded with narrowing of the field of consciousness, 
some had amnesia for the attack. In 43 patients after 6 mmutes of 
over-ventilation there was increased irritability of muscles, as shown 
by cathodal opening contractions with less than 5 milliamperes of 
current. In patients who did not have seizures, increased irritability 
occurred just the same Dalma (1925) in 15 cases produced seizures 
in 3 Stertz (1925) produced seizure in one out of 8 cases. He found 
no difference m the reaction between epileptic and psychopathic 
patients. Gmllain, Alajouanine and Thevenard (1925) produced 
seizure in a patient with Jacksonian epilepsy. He had the same 
aura as preceded his spontaneous seizures. Janota (1925) m 51 pa- 
tients produced a seizure in only two (though breathmg was forced 
for as long as an hour). Because these patients were subject to 
frequent spontaneous seizures, he considered his results negative 
Hysterical symptoms resulted in two patients He found no change 
in electric excitability. Mainzer (1925) in 14 patients with epilepsy 
or hystena was able to induce seizure in only two He beheves that 
an irritation of the central nervous system from changes in osmotic 
pressure or from a specific action of the chlorin ion are responsible, 
for during over-ventilation the concentration of blood chloride 
increased 4 per cent In a more recent article (1926) he gives in 
greater detail expenments with a patient with traumatic epilepsy. 
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This patient constantly had a convulsion after over-ventilation 
Intravenous injection of soda bicarbonate or calaum chlonde 
was without effect In three instances intravenous injection of an 
unnamed amount of 10 per cent sodium chlonde produced seizures 
Because such injection was accompanied by an increased bicarbonate 
content of the blood plasma, it is not clear whether the convulsion 
was related to the increased blood chloride or to the alkalosis Grmi- 
berg (1925) reported expenments on two epileptic and two hystencal 
patients Three of these reacted to over-ventilation with typical 
seizures Meyer (1925) secured seizures m 3 out of 20 patients 
Fnsch and Fned (1926) tried the test in a number of patients, but 
obtained a seizure in only one Heidnch (1926) in 20 patients wnth 
traumatic epilepsy, elicited symptoms in 7 which pointed to the site 
of the lesion, as afterwards found at operation In two of these, 
Jacksonian seizures occurred, which were duplicated by faradization 
of the cortex at operation, but which could not be mduced by over- 
ventilation after the operation In other patients the admimstration 
of vanous glands of internal seaetion did not effect results Lange 
and Guttmann (1926) observed a patient m whom seizures followed 
both voluntary over-ventilation and a hystencal attack associated 
with hyperpnea Liebers (1926) performed overventilation with 30 
epileptics whose electncal reactions he tested before and at intervals 
after the test Although only rarely did patients show over-exatabil- 
ity of motor nerve, before the test, 50 per cent showed mcreased ex- 
atabihty after 10 minutes of ovcr-ventilation In two cases, seizures 
resulted and in several others there were vanous symptoms such as 
dizzmess and spasm of isolated muscle groups He sometimes ob- 
tained Parkmsoman tremor or erythema of the neck and chest 
Smim6v (1926) in 41 war wounded soldiers obtamed seizures m 9 
and abnormal signs, such as positive Babinski reflex m 15 Of 28 
non-military patients, 10 had seizure Georgi, et al (1926) saw spells 
in 26 of 66 epileptics tested Sterlmg (1926) tested 200 epileptics and 
100 normals One-third of the former and none of the latter had a 
reartion Schuster (1926) in observations with 7 patients obtamed 
either convulsion, mental confusion, or loss of consaousness 
Muck (1926) experimented with 17 women who were subject to mi- 
graine Following over-%entilation, 12 of these patients complained 
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of pressure in the head which bordered on a headache Twelve normal 
men had no headache Hendriksen (1927) in 67 patients with epilepsy- 
obtained a seizure in 7 and a loss of consciousness in 7 

These various authors witness the fact that m a small proportion 
(up to 50 per cent) of the patients tested, voluntary hyperpnea was 
followed by a seizure or its eqmvalent They do not indicate whether 
the successful results occurred m patients having the more frequent 
seizures We have very easily induced fits in patients having fre- 
quent daily seizures (figs 7 and 8) 

The important question next arises, what is the mechanism by which 
over-ventilation produces con-vulsive phenomena in persons subject to 
seizures? Concemmg the effect in healthy persons, CoUip and Bachus 
(1920) and Grant and Goldman (1920) demonstrated that over- 
ventilation may cause tetany or even, m one experiment by Grant, a 
tonic convulsion The last named authors showed that this phenom- 
enon was related to the increased alkahnity of the blood, consequent 
to the “blo-wing off” of CO 2 The decrease in total calcium of the 
blood was slight Freudenberg and Gyorgy (1923) believed that 
decrease in ionized calaum (which depresses respiration) and increase 
in phosphate (which stimulates it) were the important factors Duzax 
and Hensch (1926) observed in children that either a period of over- 
ventilation insufficient to cause tetany, or the adnunistration of 
bicarbonate, if followed by the mjection of adrenalin will produce 
tetany. This introduces a new factor for consideration A reverse 
relationship between over-ventdation and tetany is indicated by the 
statement of CoUip (1926) that m about one-half of his parathyroidec- 
tomized dogs, the prodromal sign of tetany was -violent hyperpnea 

Before considenng the factor of alkalosis m these experiments with 
epUeptic patients, we must consider various other changes which might 
have a possible bearing on the occurrence of seizures foUowing over- 
ventilation in epileptics These changes are decrease in mtracranial 
pressure, accelerated blood flow through the bram with decreased 
oxygenation of its ceUs, certain changes in physical properties of the 
blood, and consequent on the alkalosis, a decreased oxygen supply to 
nervous tissues, and a shift in morganic base from blood to tissues 
Decreased intracramal pressure in itself should not produce speUs for, 
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as we saw when considenng the spinal fluid, seizures are more fre- 
quently assoaated with an increased pressure It is possible that 
changes in cahber of cerebral vessels, vnth consequent changes in 
blood flow and oxygenation of nerve cells may play a prominent part 
Direct observations by Jacobi (1926) and Forbes and Wolff (1928) 
showing contraction of pial artenes with over-ventilation and alkalosis, 
are important This is discussed more fully elsewhere 

Concerning other chemical changes m the blood, Pfeiffer, Stande- 
nath and Weeber (1926) investigated changes in the proteolytic titre 
of urme and of blood serum with relation to over-ventdation and 
seizures They present the data obtained in the form of seven 
charts These show that the proteolytic titre of blood remained 
fairly constant, whereas that of urme fluctuated violently Usually 
the concentration of the proteolytic enzyme diminished dunng over- 
ventilation The significance of this observation is not clear Georgi 
(1925, a and b) studied the blood in a group of 44 patients and 10 
normals on whom Foerster performed his over-ventilation test 
Blood was taken before and at two and ten minute mtervals after 
the test Although Georgi says he made observations concerning 
speed of sedimentation of red cells, viscosity of the plasma, refraction 
and coagulabihty of the blood, alkah reserve and calcium content, 
he presents data only on the “colloid stabihty test ” This is the 
degree of flocculation which appears after mixmg vanous amounts of 
atrated plasma with 26 per cent sodium chlonde solution Data of 
these experiments are presented by means of 3 tables (1925a) and 
several inadequately labeled charts (1925b) We are, therefore, 
largely dependent on the author’s own mlerprctation of his data 
He states that blood obtained from 7 patients at the time of seizure 
and blood from normal persons dunng over-ventilation showed an 
increased degree of flocculation of the plasma Georgi believes that 
this indicates a change in the colloidal condition of the plasma, and 
that if similar changes occurred in the cells of the brain, seizures 
might result He differentiates between colloidal instability caused 
by protein and by ion changes and believes that endoenne disorders 
may play a part in the supposed changes in permeabihty' of cell 
membranes Most writers consider that an increased rate of floccula- 
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tion, as well as increased speed of sedimentation of red cells and 
increased concentration of fibrinogen, is indicative of increased protein 
destruction in the body Georgi did not find that the speed of sedi- 
mentation of red cells paralleled the flocculation test and apparently 
on this basis gave the latter test a wider significance than it usually 
holds ]n a latter publication (1926) he states that changes in ion 
concentration is the factor of specific significance. Kafka (1926) 
made similar observations in 5 patients Data are clearly presented, 
but are too fragmentary to be of much value. 

Concerning acid-base changes in the blood during over-ventila- 
tion persons with epilepsy, like normal subjects, develop alkalosis 
Frisch and Fried (1926) measured changes in pH and CO 2 content of 
blood before and after over-ventilation in 5 patients. They obtained 
the characteristic lowering of blood CO 2 with a shift of blood pH 
toward the alkaline side Because this demonstrated alkalosis did 
not result in seizures, they concluded that seizures are not related to 
changes in the pH of the blood They suggest that a shift in calcium 
and chloride ions are more important, but present no data. As a 
result of the “blowing off” of CO 2 , base substances leave the blood and 
enter the tissues 

In climcal observations now under way at the Thorndike Memorial 
Laboratory of the Boston City Hospital, we are endeavoring to pursue 
this subject farther. Our patient D. T , a girl of 14 who has 50 to 100 
short clonic seizures daily, constantly has a characteristic seizure after 
about two minutes of over-ventilation Records of her breathing 
during the test are shown in Figures 7 and 8 We found that when 
seizures occurred the CO 2 content of the venous blood was but 4 or 5 
volumes per cent less than before the test Serum calcium, plasma 
chloride and sugar changed but little The oxygen content of the 
venous blood was increased, due apparently to the increased speed of ^ 
blood flow through the tissues In this patient by means of a standard 

procedure, we were able to test the effect of various factors on the 
length of time required to induce a seizure. We found that it made 
little difference in the appearance-time of seizure whether she was 
tested on a “good day” when seizures were few or on a “bad day. 
They could be as easily elicited when she was free from seizure because 
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of a fat diet as under ordinarj conditions Inhalation of amyl nitrite 
had no appreciable effect Injection of NaCl on one occasion seemed 
to shorten the con\’ulsion time In this patient ue found that over- 
ventilation was not accompanied bv seizure if she respired m a closed 
system in which the expired CO. was not absorbed (fig 8) This 
demonstrates that seizures were not due to the effort of over- 
ventilating 

Relation to oxygen stifplv Lennox (1928) has demonstrated what 
apparently has not been observed previously, viz , that m certain 
patients having frequent slight attacks, these can be mduced by de- 
creasing the oxygen content of the respired air This is done by 
having the patient rebreathe, the expired COi being absorbed If 
the tension of the oxygen is increased, (by placing a u eight on the bell 
from which air is being breathed) it will require a lower percentage of 
oxygen to induce a spell than if the tension is reduced (by increasing 
the counter weight of the bell) Also he found that a degree of anox- 
emia sufficient to induce an attack would not do so if the respired air 
contained an increased percentage of CO. Patient D T , if breathmg 
room air, reacts to over-ventilation wath a seizure in about two min- 
utes A combination of over-ventilation and anoxemia produces a re- 
action much more quickly Such an obserx’ation is recorded in figure 7 
After four minutes of quiet breathing, when the oxj gen in the inspired 
air had been reduced to about 14 per cent, 9 deep expirations induced a 
seizure Excess oxygen was admitted to the apparatus, after which 
it required 40 expirations to produce a seizure After several minutes 
of quiet breathing, when the oxjgcn content has fallen to approxi- 
mately 12 per cent, seizures again began, but ceased promptly when 
more oxj'gen was admitted If the patient breatlicd oxagen in place 
of air, xagorous hyperpnea for as long as six minutes did not result m a 
seizure (fig 8) On the otlicr hand, if she breathed an atmosphere 
containing less oxygen than room air, seizures would occur in less 
tlian a minute The length of time required to induce a seizure was 
rouglila proportional to the ox-ygen content of the inspired air 
Furtlierniorc, as has been stated, anoxemia alone, without voluntary 
oaer-\entilalion, was sutficient to induce seizures One obsenation 
of this sort has been recorded in figure 5 Such obserxations 
were made repeitedly in this and other subjects In our patient, 
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C G , it required a greater degree of anoxemia to induce a seizure 
when acidosis was present. Patients having occasional grand mal 
attacks whom we tested did not react to hyperpnea and anoxemia 
with a convulsion 

That a deficient oxygen supply m normal persons is not sufficient to 
produce a seizure is shown by the experience of Schneider and Trues- 
dale (1921) who performed 7000 such tests m aviation recruits 
About half of the subjects became unconscious and some showed 
rigidity of muscles vnth occasional muscular tivitchings The average 
subject lost consciousness when oxygen content of the respired 
air reached 7 or 8 per cent This is a lower level than our sub- 
jects reached before seizures occurred Schneider found that the 
person who did not famt increased his pulmonary ventilation, his 
blood pressure and heart rate to compensate for the anoxemia It 
.^aIl be of value to deterimne what physiological response epileptic 
patients make to ox}’’gen lack Though our patients (see fig 5) have a 
marked degree of ox}’-gen unsaturation m the venous blood at the end 
of the test, the amount of ox^^gen consumed by the body does not 
always dimmish as seizure impends Observations of the gaseous 
content of arterial and of internal jugular blood which we are making 
should throw additional light on the factor of anoxemia Yith relation 
to seizures 

In these patients, having very frequent slight seizures Wc have 
demonstrated that a combination of anoxemia and hyperpnea is more 
effective m inducing seizure than either alone This is understand- 
able, for the two conditions supplement each other In alkalosis 
the blood gives up oxygen less readily with consequent oxygen im- 
poverishment of the tissues It is possible, as we have suggested 
prewously, that oxj-gen lack rather than alkalosis is the immediate 
cause of seizure 

It will be important to know if an induced convulsion vnll 
prevent the occurrence of a spontaneous convulsion It should 
be stated that the observations made by us with reference to the 
pioduction of seizures were carried out %vith the consent and full 
cooperation of the patients concerned Obviousty, a knowledge of the 
physiological factors which vail produce seizures is an important step 
towards a knowledge of the procedures which mil prevent them 
Again, given a patient haffing comnilsions at fairly regular intervals 
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Yhich are not amenable to treatment, and given a safe and simple 
method for inducing seizures, it is possible that a convulsion precipi- 
tated under controlled conditions might save the patient from the ap- 
proaching spontaneous convulsions under embarrassing or dangerous 
conditions 

Whatever the chain of circumstances involved, the previously men- 
tioned observations shov that the irritabihty of nerves to the galvanic 
current is increased by over-ventilation Contribution from a fresh 
source has been made by Bourguignon, lurpin and GuiUaumin (1925) 
vho, rvorknig vith normal subjects, have shoivn that in over-ventila- 
tion, along with the alkalosis, there is a parallel variation in the 
chronaxie of nen'es 

Summary Alkalosis induced m epileptics by the administration 
of alkali or by over-ventilation mav be followed by seizures It is 
probable that anoxemia and possibly other related chemical changes 
in nervous tissues play a part m inducing seizures 

Effect of induced acidosis 

Rebrcathing If seizures can be induced by over-ventilation, can 
thej be stopped by the opposite condition, \az, rebreathmg^ We 
have been able to demonstrate this One daj our patient, D T , 
was having clonic seizures regularly at intervals of about 45 sec- 
onds She was attaclied to a Bcncdict-Roth metabolism machine, 
from which the soda lime was remoxed, so that she breathed an in- 
creasing concentration of CO. As seen m fig 9, the convulsions were 
replaced bj transient loss of consciousness, and then ceased When 
she again was allowed to breathe room air, seizures returned at their 
usual frequencx We have found, also, that over-vcntilation wall 
not produce a seizure if the respired air contains a high per cent of 
CO. Tins observation checks with those of Titz (1926) and Sheldon 
(1927) They found that attacks of muscle cramp and of hiccup, 
rc=pcctivel> , could be stopped by rebreathing Ihe important 
question of what stops a seizure has rcccixed little attention in the 
literature In view of the demonstration that a high concentration 
of CO. m the respired air niaj prevent seizures, it seems probable 
that accumulation of CO. in the nervous tissues, as a result of stasis 
induced in the tonic ph ise of the convailsion, maj plav a part in stop- 
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C G , It required a greater degree of anoxemia to induce a seizure 
when acidosis was present. Patients having occasional grand mal 
attacks whom we tested did not react to h 3 q)erpnea and anoxemia 
vnth a convulsion 

That a deficient oxygen supply in normal persons is not sufificient to 
produce a seizure is shovm by the experience of Schneider and Trues- 
dale (1921) who performed 7000 such tests in aination recruits 
About half of the subjects became unconscious and some showed 
rigidity of muscles ivith occasional muscular twitchings The average 
subject lost consciousness when oxygen content of the respired 
air reached 7 or 8 per cent This is a lower level than our sub- 
jects reached before seizures occurred Schneider found that the 
person who did not faint increased his pulmonary ventilation, his 
blood pressure and heart rate to compensate for the anoxemia It 
.vill be of value to determine what physiological response epileptic 
patients malce to oxygen lack Though our patients (see fig 5) have a 
marked degree of ox 3 "gen unsaturation in the venous blood at the end 
of the test, the amount of oxygen consumed by the body does not 
always dimmish as seizure impends Observations of the gaseous 
content of arterial and of internal jugular blood which we are making 
should throw additional light on the factor of anoxemia vath relation 
to seizures 

In these patients, having very frequent slight seizures wc. have 
demonstrated that a combination of anoxemia and hyperpnea is more 
effective m inducing seizure than either alone This is understand- 
able, for the two conditions supplement each other In alkalosis 
the blood gives up ox 3 ''gen less readily with consequent oxygen im- 
poverishment of the tissues It is possible, as we have suggested 
pre\nously, that oxj'^gen lack rather than alkalosis is the immediate 
cause of seizure 

It ivill be important to know if an induced convulsion mil 
prevent the occurrence of a spontaneous convulsion It should 
be stated tliat the observations made by us with reference to the 
pioduction of seizures w^ere carried out wath the consent and full 
cooperation of the patients concerned Obviouslj’-, a knowledge of the 
ph^'^siological factors which will produce seizures is an important step 
towards a knowledge of the procedures which wall prevent them 
Again, given a patient ha\ang conaailsions at fairly regular intervals 
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which are not amenable to treatment, and given a safe and simple 
method for inducing seizures, it is possible that a convulsion precipi- 
tated under controlled conditions might save the patient from the ap- 
proaching spontaneous convulsions under embarrassing or dangerous 
conditions 

Whate\er the chain of circumstances involved, the previously men- 
tioned observations show that the irritability of nerves to the galvanic 
current is increased bj over-ventilation Contribution from a fresh 
source has been made by Bourguignon, lurpm and Guillaumin (1925) 
who, working with normal subjects, have showm that m over-ventila- 
tion, along wath the alkalosis, there is a parallel variation in the 
chronaxie of nerves 

Summary Alkalosis induced in epileptics by the administration 
of alkali or by over-ventilation may be followed by seizures It is 
probable that anoaemia and possibly other related chemical changes 
in nervous tissues play a part in inducing seizures 

EJfccl of titditccd actdosts 

Rehrcalliiug If seizures can be induced by ovcr-vcntilation, can 
they be stopped bj the opposite condition, nz, rebrcathing’ We 
have been able to demonstrate this One day our patient, D T , 
was having clonic seizures regularly at intervals of about 45 sec- 
onds She was attached to a Bcncdict-Roth metabolism machine, 
from which the soda lime was removed, so that she breathed an in- 
creasing concentration of CO» As seen in fig 9, the comailsions were 
replaced by transient loss of consciousness, and then ceased lichen 
she again was allowed to breatlie room air, seizures returned at their 
usual frequenev We hare found, also, that ovcr-rentilation will 
not produce a seizure if the respired air contains a high per cent of 
CO. This observation checks with those of Titz (1926) and Sheldon 
(1927) riiey found that attacks of muscle cramp and of hiccup, 
respectuelj, could be stopped bv rcbrcathing The important 
question of what stops a seizure has received little attention m the 
literature In view of tlie demonstration that a high conceiitr ition 
of CO. in the respired air ma> prevent seizures, it seems probable 
that accumulation of CO. in the nervous tissues, as a . 'Ii . 
induced in the tome phase of the convailsion, mav plav i 
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C G , It required a greater degree of anoxemia to induce a seizure 
when acidosis was present Patients having occasional grand mal 
attacks whom we tested did not react to hyperpnea and anoxemia 
with a convulsion 

That a deficient oxygen supply in normal persons is not sufficient to 
produce a seizure is shovm by the experience of Schneider and Trues- 
dale (1921) who performed 7000 such tests in aviation recruits 
About half of the subjects became unconscious and some showed 
rigidity of muscles with occasional muscular twitchings The average 
subject lost consciousness when oxygen content of the respired 
air reached 7 or 8 per cent This is a lower level than our sub- 
jects reached before seizures occurred Schneider found that the 
person who did not faint increased his pulmonary ventilation, his 
blood pressure and heart rate to compensate for the anoxemia It 
vill be of value to determine what physiological response epileptic 
patients malce to oxygen lack Though our patients (see fig 5) have a 
marked degree of oxygen unsaturation in the venous blood at the end 
of the test, the amount of oxygen consumed by the body does not 
always diminish as seizure impends Observations of the gaseous 
content of arterial and of internal jugular blood which we are making 
should throw additional light on the factor of anoxemia with relation 
to seizures 

In these patients, having very frequent slight seizures wc have 
demonstrated that a combination of anoxemia and hyperpnea is more 
effective in inducing seizure than either alone This is understand- 
able, for the two conditions supplement each other In alkalosis 
the blood gives up oxygen less readily with consequent oxygen im- 
poverishment of the tissues It is possible, as we have suggested 
previously, that oxygen lack rather than alkalosis is the immediate 
cause of seizure 

It will be important to know if an induced convulsion will 
prevent the occurrence of a spontaneous convulsion It should 
be stated that the observations made by us with reference to the 
pj. eduction of seizures were carried out with the consent and full 
cooperation of the patients concerned Obviously, a knowledge of the 
physiological factors which will produce seizures is an important step 
towards a knowledge of the procedures which will prevent them 
Again, given a patient having convulsions at fairly regular intervals 
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which are not amenable to treatment, and given a safe and simple 
method for inducing seirures, it is possible that a convulsion precipi- 
tated under controlled conditions might save the patient from the ap- 
proaching spontaneous convulsions under embarrassing or dangerous 
conditions 

Whatever the chain of circumstances involved, the previously men- 
tioned observations show that the imtabihty of nerves to the galvanic 
current is increased by over-ventilation Contribution from a fresh 
source has been made by Bourguignon, Turpin and GuiUaumm (1925) 
who, working with normal subjects, have shown that in over-ventila- 
tion, along with the alkalosis, there is a parallel vanation in the 
chronaxie of nerves 

Summary Alkalosis induced m epileptics by the administration 
of alkali or by over- ventilation may be followed by seizures It is 
probable that ano\emia and possibly other related chemical changes 
in nervous tissues play a part m inducing seizures 

E£ccl of induced acidosis 

Rchrcathing If seizures can be induced by over-ventilation, can 
they be stopped by the opposite condition, viz , rebreathing? We 
have been able to demonstrate this One day our patient, D T , 
was having clonic seizures regularly at intervals of about 45 sec- 
onds She was attached to a Benedict-Roth metabolism machine, 
from which the soda lime was removed, so that she breathed an in- 
creasing concentration of CO- As seen m fig 9, the convulsions were 
replaced by transient loss of consciousness, and then ceased When 
she again was allowed to breathe room air, seizures returned at their 
usual frequenci' We have found, also, that over- ventilation will 
not produce a seizure if the respired air contains a high per cent of 
CO. This observation checks with those of Fitz (1926) and Sheldon 
(1927) They found that attacks of muscle cramp and of hiccup, 
respcclivclj, could be stopped bj rcbreatliing The important 
question of what stops a seizure has received little attention in the 
literature In view of tlie demonstration that a high concentration 
of CO. in the respired air may prevent seizures, it seems probable 
that accumulation of CO 2 in the nervous tissues, as a result of stasis 
induced in the tonic phase of the convulsion, may play a part 111 stop- 
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ping the fit For the seizures of petit mal or equivalents m which 
there is no generalized cyanosis, one must suppose a local condition 
in the brain 

Fashng Fasting as a method of treating various disease condi- 
tions has been used for centuries We are told that such treatment 
of epilepsy was practised m New England SO or 75 years ago Guelpa 
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Fig 9 ErrECX or RLBRE\TmNG ox Seizgres Patient D T 

Before tlie upper record was begun the patient for several hours had been having 
seizures at intervals of approximatelj’- 45 seconds The soda lime container uas removed 
from tlie apparatus, so that expired CO. was not absorbed Before the upper record was 
begun, oxygen w as admitted to the apparatus A mmute or tw'o, m w^hicli the patient was 
released from the apparatus, elapsed between the two curves The heavy S indicates a 
characteristic myoclonic seizure and the light S a momentary loss of consaousness w ithout 
con\ulsi\e moxement After the patient was released from the apparatus and again 
breathed room air, seizures recurred at their pre\ lous rate of frequency 

and Mane (1910) used 4-day fasting periods m 20 patients with 
inconclusive results Conklin, an osteopathic practitioner, has fasted 
hundreds of patients with epilepsy The one article which he has 
written (1922) gave a very favorable report, — the "cures” reaching 
90 per cent in children and 50 per cent m adults This percentage, 
however, was based not on the total number treated but on the small 
proportion of patients whom the author had been able to follow 
Conklin has furnished us recently with case records of 127 epileptic 
patients whom he has fasted Unfortunately, the data are not com- 
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were fed a high fat diet without definite results Vollmer and 
Serebrijski (1926) fasted a boy of 6 for 3 days, with benefit Karger 
(1926) fasted 9 children, aged from 9 to 13 years for a period of from 
6 to 12 days Lemonade in unnamed amounts was given them 
After the conclusion of fast, ketosis was maintained for as long as 
3 weeks by a diet of cream, meat and eggs Of 10 fasting periods 
lasting from 5 to 8 days, improvement with respect to frequency of 
seizures was noted in all but two As soon as sugar was given and 
acetone disappeared from the urine, seizures returned The elimina- 
tion of salt was without benefit Lennox and Cobb (1928) fasted 
27 adolescent and adult patients, of the non-institutional type, who 
■were mentally normal or nearty normal About one-half gave definite 
evidence of improvement during fast The most convincing results 
■^^ere seen in 6 patients havmg 5 or more seizures daily In 5 they 
ceased completely Follo-wmg fast, in all but three or four of the 
patients, seizures recurred at approximately their prefasting frequency 
The notable exception was a woman ha-ving 2 to 3 con'vmlsions daily 
of a focal origin (probably central nervous system syphilis) whose 
seizures disappeared with fasting and did not recur in the year follow- 
ing Some of their observations ■wall be discussed m more detail 
presently 

In contrast -with these authors ivho have found seizures either absent 
or greatly decreased during fast. Weeks, Renner, AUen and Wishart 
1923) reported no change m the number of seizures in a group of 64 
patients whom they fasted for a period of 3 weeks An obvious pos- 
sible explanation of these disappointing results is the fact that these 
patients w^ere adult, confirmed, mentally deteriorated epileptics, a 
group notoriously resistant to any treatment The real reason for 
this resistance may be the circumstance that the degree of fasting 
ketosis obtained in these patients was shght Wdiat ketosis there was 
seemed to be associated with decreased frequency of seizures The 
group of 49 patients ivhose fasting ivas not complicated by use of 
previous diets had 908 con'vulsions in the 3 months period precedmg 
fast Expressing this as 100, the proportionate number of seizures 
for the first week of fast "u^as 122, the second week 59, the third week 
100, and the 3 months follo'vi'ing 106 Unfortunately, the authors 
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did not measure the plasma bicarbonate until after two weeks of fast 
We know, however, that fasting acidosis is greatest dunng the second 
week, the penod m which Week’s patients had fewest seizures Ap- 
parently these patients showed much less fastmg aadosis than the 
patients of Bigwood (1924) or of Lennox, O’Connor and Belhnger 
(1926), in whom more definitely benefiaal results were secured 
In patients havmg many seizures a day, the benefiaal efifect of fast- 
mg IS so strikmg that immediately one asks for an explanation 
Among the many and mteixelated changes which take place in the 
body, one must not be too hasty m assigning a chief place to a smgle 
factor Rest m bed, absence of matenal m the mtestmes, decrease of 
protem metabohsm, decrease m salt intake, in basal metabohsm, in 
mtracranial pressure, m body water, and the presence of aadosis, — 
all have been named by vanous authors as the factors of importance 
Lennox and Cobb (unpublished data) have analyzed these vanous 
factors Some of their patients maintained usual activity dunng fast, 
the presence of bran m the mtestmes and the fecdmg of salt apparently 
did not influence the number of seizures Weeks et al (1923) obtained 
about the same results with fastmg and with feedmg bulky, non- 
nutntive matenal Lennox, O’Connor and Belhnger (1926) and 
Talbot et al (1925) demonstrated that protem metabolism, as shown 
by the concentration of non-protein nitrogenous constituents in the 
blood, was not deaeased The relationship of some of these factors 
to seizures is shown m Fig 12 The heavy solid Ime mdicating the 
daily number of attacks of petit ma] does not parallel any of the others 
As suggested by Geyelin, the most probable explanation of the im- 
provement durmg fast is the accompanying aadosis, or closely related 
physico-chemical changes in the nerve cells More detailed ob- 
servations on this pomt will be presented later 
Concemmg the therapeutic use of fastmg, we beheve that it may be 
useful in jmung patients havmg frequent convulsions, as a means of 
breakmg up such seizures We believe, however, that it is no more 
effective than a fat diet which produces a smular degree of aadosis, 
and It has obvious objections, in the discomfort to the patient and the 
limited time for which it can be employed Aforeover, m our expen- 
ence patients may become temporarily psy'chotic dunng the fast 
Fat diet If the benefiaal effect of fasting is due to ketosis, the 
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consumption of a diet which is rich enough m fat and poor enough 
in carbohydrate to cause a ketosis of equal degree should be equally 
efficacious Acting on the suggestion of Geyelin, Wilder (1921) and 
later Peterman (1924, a, b, 1925 and 1926) treated children by means 
of a ketogenic diet continued for long periods of time Peterman 
gives his patients a gram per kilo of protein, enough total calories to 
equal 30 per cent more than their basal requirements and a ratio of 
calories from fat which is 2, 3 or 4 times the total calories from protein 
and carbohydrate The ratio of fat to available carbohydrates is 
sufficiently high so that the urine gives a positive sodium nitro prusside 
test Peterman’s results so far have been very encouragmg. Of 70 
patients treated, 40 have been free of attacks for periods of from three 
months to three years, 18 have been greatly improved, 6 showed no 
improvement and 6 have been lost from observation The best 
results have been obtained m patients with petit mal and m the 
younger children Helmholz (1927) has given the latest summing 
up of these results at the Mayo Clmic Of 91 children, adequately 
treated, 31 per cent have been made free of attacks and an additional 
23 per cent were definitely improved 

Weeks, Allen, Renner, and Wishart (1923) for 48 days fed 6 in- 
stitutional patients an extremely high fat diet (up to 580 grams of fat 
and only 4 of carbohydrate) Though the authors state that there 
was no effect on seizures, a tabulation of their data shows the following 
If the number of convulsions before the diet be considered 100, the 
proportionate number durmg the period of fat feeding was 53, and 
after the diet 85 The fact that improvement was not more marked 
may perhaps be explamed by the comparatively slight evidence of 
acidosis which these patients showed The fact that patients with 
epilepsy are able to consume and utilize a diet so rich m fat may m 
itself be of significance Dogs injected with ketone acids by Allen 
and Wishart (1923) gave evidence of intoxication, convulsions and 
death He attributed this intoxication to some factor other than 
ketosis 

The rather meager observations of Schou and Teglbjoerg (1925), 
Volhner and Serebrijski (1926) and Karger (1926) have been men- 
tioned under fasting Talbot, Metcalf and Moriarty (1927, a and b) 
presented charts of 2 children showmg the absence of seizures in 
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the presence of ketosis and exhibiting the chemical changes in the 
blood of 14 patients and m the acetone excretion of 8 patients who 
were on a fat diet Luther and Monarty (personal communication) 
have had expenence ivith 27 patients A third of these have been 
free of seizures since undertaking the diet, 41 per cent were improved 
and 26 per cent not improved Of the symptom-free group, all were 
under 13 years of age These authors have observed no deletenous 
effect on growth, or on the general health of children m whom ketosis 
has been maintained for more than a year McQuarne and Keith 
(1927) have shown that, as one would expect, persons on a fat diet 
have least ketosis at periods farthest removed from a meal, viz , 
m the early morning In our experience seizures are, however, not 
more frequent at that time Patients havmg long continued ketosis 
need to be -aatched for possible production of arteriosclerosis, kidney 
irritation or weakening of bones through depletion of the inorgamc 
base constituents 

Convulsions may occur in the presence of ketosis such as is present 
in diabetic coma (Labb6, 1920) and m the cyclic vomiting of children 
As we shall show presently, seizures in epileptic patients may occur 
m spite of the presence of ketosis In severe cases the presence of a 
reaction to sodium nitro prusside in the urine is not sufficient There 
must be an actual increase in the pH of the blood 

Adults do not respond to treatment by acidosis, for one reason, 
because of the relative difficulty of maintaining aadosis in them 
Children will develop ketosis on a much lower ketogenic, anti-ketogenic 
ratio than adults In addition, for reasons which are unexplained 
but are possibly associated with the gradual development of the 
nervous system, children arc more susceptible to various therapeutic 
measures Another interesting arcumstance is the adjustment to 
ketosis which the body is able to make With the patient fasting or 
on a constant ketogenic diet, the plasma bicarbonate, which is at 
first deaeased, gradually returns to normal, in spite of the presence 
of ketone bodies in both urine and plasma This partly explains the 
fact that m severe cases, seizures return after an interval even when 
ketone bodies are present in the urine 

Inorgamc aadosis It is important to know if aadosis produced 
by means other than by accumulation of COj and by ketosis is effective 
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ill reducing the number of seizures. Uncompensated acidosis may be 
induced by the ingestion of acids such as HCl and H 2 SO 4 and of acid- 
fonning salts, such as CaCb, NH 4 CI, MgS 04 , NH 4 NO 3 , etc. The 
beneficial effect of such acidosis on tetany is well-known. 

Bigwood (1924) gave HCl, as much as a liter a day of tenth normal, 
to several patients, with a reduction m seizures Several writers have 
reported little or no benefit from ingestion of acid-forming salts, but 
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Fig. 10. Twenty-seven-day Observation Period ot Patient D. T. 

Dunng three days alkali in the form of citrocarbonate was given without apparent 
effect on freqpency of seizures During 10 days 109 grams of CaQj were given by mouth. 
Seizures were greatly reduced On the tenth day, however, when there was still a marked 
acidosis, seizures recurred in very great frequency — approximately 500 m one day. Co- 
mcidenuy the concentration of NaCl and calcium m the blood plasma was mcreased 


they did not determine whether acidosis was thereby induced. Some 
patients with epilepsy seem resistant to efforts to produce acidosis. 
For example, we fed one child, weighing 95 pounds, as much as 400 
cc. a day of n/10 HCl without influencing either the reaction of the 
blood or the frequency of seizures. 

Bigwood (1924) ascribed the beneficial results of potassium boro- 
tartrate, a drug advocated by Marie, Crouzon and Bouttier (1920), 
to the acidosis which it induced However, Talbot, Metcalf and 
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Monarty (1927b) when using this drug did not find significant changes 
in acid-base relations Lennox and Wright (1926) believed that 
borotartrate was not as effective as lummal in controlling seizures 
Following the ingestion of NHiCl, CaCl« and NH 4 N 03 , Lennox 
(1927) has obtained marked temporary reduction m the frequency of 
seizures (figs 10, 11 and 14) In a few instances in which the adrmn- 
istration of these salts was continued, at the end of a week or ten days 
the patient went mto a status of small seizures One such senes of 
observations is shoivn m figure 10 After preliminary trial with alkah, 
patient D T was given 10 to 15 grams a day of CaClj The CO 2 
content of the blood and the frequency of seizures dirmnished At 
the end of 10 days, however, when aadosis was still present, seizures 
returned m a flood, the patient having in the neighborhood of 500 in 
a day This experience suggests that the increasmg concentration of 
calaum or chloride in the tissues counterbalanced the benefiaal 
effect of the change in pH The fact that in feeding NHjNOj the 
acidosis is due to increase in blood chloride demonstrates the need 
for further study of this question 

Wilder (1921) suggested that the beneficial effect of fasting or fat 
diet was due to the anesthetic effect of aceto-acetic acid, which is 
closely related to ether That this is not necessarily the case is shown 
by the fact that seizures may be inhibited by inorganic acidosis 
(ingestion of aads or aad-formuig salts) and by rebreathing of CO. 
The folloiving observation demonstrates this Patient C G , having 
10 to 12 petit mal daily, was placed on a constant ketogenic diet, on 
which she was free of attacks The ingestion of 25 gms daily of 
alkali resulted m an increase of plasma bicarbonate, an increase of 
ketone bodies in tlie plasma and unne, and a return of seizures On 
stopping alkali and feeding NILNOj, ketosis decreased, plasma bi- 
carbonate decreased and spells again disappeared In this instance 
seizures ran parallel to plasma bicarbonate rather than to ketosis 

Comparison of various procedures In the usual patient wnth epi- 
lepsy, because of the vanable interval between seizures, it is difficult 
to judge the effect of changes in acid-base relations This is because 
m most patients such changes can be mamtamed for but a short time 
For this reason, Lennox (1927) has selected patients who for a number 
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of years have had many seizures every day Li these patients any 
marked change in frequency of seizures would bear relation to expen- 
mental procedures instituted Accompanying charts represent ob- 
servation and treatment periods in three such patients Ini these 
charts the sohd lines represent the daily number of seizures and the 
dotted lines the plasma bicarbonate in volumes per cent of CO 2 . 



Fig 11 EiGHTy-iTVE-DAY OssERVAnoN Period of Patient H G 

The sohd line represents daily number of petit mal and broken hne plasma bicarbonate 
Acidosis and alkalosis were induced at various mtervals, as represented on the chart In 
general the two curves followed a parallel course 

Patient H G. (fig. 11), an mtelligent girl of 17, has had from 5 to 
20 petit mal daily for a number of years Ammonium chloride was 
admmistered at the beginnmg of the period of observation with con- 
sequent acidosis and diminution in the frequency of seizures AlkaU 
was taken for 2 days with a great mcrease in seizures The patient 
was then fasted for 16 days Seizures entirely disappeared during 
this period and did not recur m spite of various procedures which 
might be eiqiected to induce them, such as injection of adrenalm and 
administration of sodium chloride She remained free of attacks for 
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a week after the resumption of a carbohydrate diet, m spite of the 
fact that the concentration of plasma bicarbonate had returned to 
normal Several hours after the mgestion of 25 grams of alkali, 
however, seizures recurred with greater frequency than she had ever 
had them When the patient was given a fat diet, and plasma bi- 
carbonate had again fallen, seizures again disappeared 



rio 12 CicaxY nvEDAV Obser\atio'< ?erioi> or PATiEirr H G 

The upper solid Une representing daily number ol petit mal is the same as that sho^vn 
m figure 11 Vinous observations, as noted on the chart, arc plotted against this curve 
None of these follow the curv e of seirures as closely as does the curv e of phsma bicarbon 
ate, as shown in figure 11 


Figure 12 represents the same period of observation In this 
figure, in addition to the curve representing the daily number of 
petit mal, we have charted various other daily measurements, viz, 
urinary nitrogen, excess of fluid intake over the volume of unne, 
w eight, oxygen consumption, plasma KaCl and sugar None of these 
measurements parallel the curve of seizures as docs the concentration 
of plasma bicarbonate 
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A second case is that of patient D T (fig 13), an intelligent 
girl of 13 who for six years has had from 20 to 100 clonic seizures daily 
In a period of eighteen months these numbered 18,337 The greatest 
length of time which she could be kept without seizures on lununal 
was 11 days Before the observation period shown in figure J3, 
she was having an especially hard time — seizures numbermg up to 
500 daily. On the fifth day of fast, seizures disappeared For 16 



Fig 13 Forxy-eight-day Observation Period or Patient D T 

Solid and dotted lines at the bottom of the chart represent gradations in the strength 
of quahtative sodium mtroprusside reactions in plasma and unne The patient was fasted 
for 8 days and ate a diet sufficiently high m fat to produce some ketosis for 29 days 
Spells disappeared on the fifth day of fast After 16 days without seizures the patient 
was given 60 grams of glucose for a blood sugar curve test, followmg which there was one 
seizure A week later, m spite of the presence of ketosis, she had a status of petit mal 
Following this, in spite of the diet, seizures returned but not with their previous frequency 
In this penod, though the unne gave a strong test for sodium mtroprusside, there was no 
acidosis, as measured by the concentration of bicarbonate in the plasma 


days (3 more of fast followed by a ketogemc diet) seizures were absent, 
except on one occasion when she was given 85 grams of glucose for a 
blood sugar curve test On the twenty-ninth day of ketosis she had a 
status of small spells which disappeared a few hours after the ingestion 
of ammomum chloride. A few days after this seizures returned in 
moderate number, m spite of the fact that her urine gave a strong 
sodium mtroprusside reaction In this patient ketosis was much 
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more effective than luminal in controlling seizures, and unlike lummal, 
Its discontinuance was not accompanied bv a tremendous increase 
in seizures 

Patient L R (fig 14), an intelligent boy of 18 has had from 25 to 
75 petit mal attacks a day with occasional grand mal for 10 years 
Treatment by drugs and psychoanalysis had not influenced the fre- 
quency of seizures In this patient durmg IS days of fast, followed 
by 4 days of fat diet and periods in which calcium and ammonium 
chloride were given, the two curves representing daily seizures and 



Fig 14 Fortv one d\y Obseriation Period or Patient L R. 

He was given 15 days of fast, 5 days of fat diet, ten days of CaCli (10 to 15 grams a 
day) and 5 da>^ of NH^CL On the tenth and eleventh day s of fast he took 125 grams of 
alhah (atrocarbonatc) 

plasma bicarbonate ran a nearly parallel course In the midst of 
fasting he was given 125 grams of alkali with some increase in seizures 
The striking thing in this chart is the fact that aadosis by means of 
aad-forming salts was as effective as fasting in causing decrease in 
the frequency of seizures This medication, however, was continued 
for a few days only 

These and other observations which might be added make it plain 
that physico chemical changes that take place in the body profoundly 


UtSICUit \OU hll K3 







246 


WILLIAM G LENNOX AND STANLEY COBB 


alter the frequency of seizures m certain patients In the investiga- 
tions which have been named, changes in acid-base relationships 
stand out most prominently because they are most easily measured. 
Obviously, however, this is not the only factor involved On the 
induction of acidosis, seizures do not cease immediately nor do they 
return immediately after acidosis has been released Therefore 
seizures are not a function of blood pH We have direct observations 
also that anoxemia may play an equally important role. The best 
we can say at present is that, like tetany, epileptic seizures seem to be 
related to anoxemia, to alkalosis, and changes in the eqiulibnum of 
electrol 3 d;es of body (i e , presumably nervous) tissue Edema prob- 
ably also plays a part 

It is important to ascertam whether this improvement in seizures, 
which occurs comcidently with acidosis, is specific for seizures of 
unknown origin, the so-called essential epilepsy Our evidence is 
against any such view In the first place, as we have shown, the pH 
of the blood of patients with epilepsy is essentially normal In the 
second place, in our expenence young patients with the Jacksonian 
type of fit or with gross brain lesions have been benefitted also 
In the third place, we have evidence that acidosis acts by causing 
a decrease m nervous irritability. During acidosis when seizures 
are reduced the tendon reflexes of patients are much less vigorous 
than they are normally Our patient, D T , has very active 
Chvostek’s sign When she is on a fat diet and the spells are 
absent this sign likewise is absent Furthermore, Froehhch and Sole 
(1924) found m animals that the injection of acid decreased and of 
alkah mcreased reflex phenomena which were mduced by the admin- 
istration of strychnin and other convulsant drugs. We have men- 
tioned the fact that accompanying the alkalosis of hyperpnea there 
is increased nervous imtabihty and a change m chronaxie 

If it is true that alkalosis mcreases and acidosis decreases nerve 
irritabihty, we would expect that this would have therapeutic implica- 
tions for conditions other than epilepsy The control of muscle cramp 
tetany and hiccup by rebreathing has been mentioned Wolff and 
Lennox (1928) have observed benefit from acidosis in a patient with 
post-encephalitic sequelae We may hope that further study along this 
line will throw new light on therapeusis of other diseases m which 
there is abnormal muscle spasm 
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Does ketosis merely dam the seizures m the organism, to be let 
out in a flood when treatment is stopped? Evidence on this pomt is 
not yet conclusive We beheve, however, that there is not a com- 
pensatory increase of seizures after a period of ketosis It would seem 
that ketosis mduced by a high fat diet offers the most practicable 
way of artificially controUmg seizures Unfortunately, it seems at 
present that only a small proportion of patients can hope for benefit 
from such diet These favored ones are patients who are under 12 
years of age, whose seizures are hght and in whom the duration of the 
epilepsy has been short 

Summary Acidosis whether mduced by rebreathing, by ketosis or 
by the admimstration of aad or aad-formmg salts, in some patients 
causes a reduction m the number and seventy of seizures Contmued 
use of the acid-formmg salts, CaClj and NHiCl may be followed by a 
great increase m the number of seizures, due possibly to the accumula- 
tion of chlonde m the tissues The benefiaal effect of aadosis is not 
due to changes m pH alone, but to related changes m the physico- 
chemical reactions of nerve cells, which results in a decreased imta- 
bihty of the nerves The observations have therapeutic imphcations 
for conditions other than epilepsy 

Slalislical constderalions 

In any disease of unknown etiology, much can be learned from care- 
fully gathered statistics But with epilepsy, which is only a symp- 
tom, confusion is to be eicpected unless data are tlioroughly digested 
There are a number of interesting questions dealing with seizures 
concerning which we have insufficient facts 
Distnbuiton of palicnls Davenport (1923) has gathered evidence 
concerning tlie distnbution of epilepsy throughout the world In 
countries in which rehable statistics are kept, there is apparently a 
fairlv constant ratio to population 
DisInbiUwn of seizures The distnbution of seizures by seasons, by 
months and by hours, and statistics concerning the age of onset, 
duration, recovery and mortabty rates, etc, will be found in books 
and institutional reports 

Relation of infantile convulsions to epilepsy Patnek and Levy 
(1924) reviewed tlie literature and compared the after history of a 
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group of 752 unselected children with the histones of 500 epileptic 
patients seen in pnvate practice In the epileptic group, about 20 
per cent had a history of early convulsions and in the unselected group 
about 4 per cent. In the epileptic group, patients whose seizures 
began in the first decade had a history of convulsions in infancy three 
times more frequently than patients whose seizures began in the third 
decade. Multiple early convulsions were more common in the epi- 
leptic and single convulsions in the non-epileptic group Thom (1926) 
tabulated the after history of 265 patients who had convulsions prior 
to the fourth year, not assoaated with history of organic bram disease. 
Thirteen per cent of these continued to have convulsions and 16 per 
cent showed mental deterioration The incidence of mental deficiency 
or epilepsy was almost twice as great in those cases m which there was 
no apparent exciting cause for the first convulsion. 

Heredity. The question of heredity m epilepsy, in spite of its 
practical importance and the attention given it, is still a point of con- 
troversy As Stuber (1921) points out, no conclusion can be drawn 
from the hterature because of the lack of a unified plan m the col- 
lection of data, and because many of the groups studied have been 
institutional cases It is quite possible that the inheritance in such 
a group of deteriorated, dependent individuals is quite different from 
that seen m pnvate practice He gives two pages of references to 
the literature. Burr (1922) through a study of 1449 cases, does not 
believe direct inheritance is important but that convulsions may be 
an evidence of congenital instabihty of the germ cell. The predis- 
position to nervous disease is inherited, but the specific disease which 
results is dependent on external causes Myerson (1925) decided that 
a hereditary factor in epilepsy has not been proven The constitu- 
tional factor may arise de novo in the lifetime of the individual him- 
self, from his uterme existence onward Bram (1926) has made an 
attempt to control his small series of 200 patients with a control series 
from non-epileptic cases attending the Nerve Department of the 
hospital A family history of convulsions was present m 28 per cent 
of patients as compared with 10 per cent of the control senes In 
any such comparison, however, one must remember that patients 
having convulsions are likely to know more about similar cases in the 
family than patients who are not having convulsions 
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Relation to migraine The close relationship between the occurrence 
of epilepsy and migraine has been noticed for many years Indeed, 
many authors beheve that migraine attacks are but sensory seizures 
See Gowers (1906) and Knsch (1925) In 500 patients with noigrame, 
Flatau (1912) foimd 7 per cent and Ulnch (1912) 12 per cent who had 
epilepsy Buchanan (1923) in 128 cases of epilepsy found 54 per cent 
Tvho had migraine Psychologists do not insist on a migraine per- 
sonality It will be of interest to know if induction of acidosis is of 
benefit to patients with migrame 
ConsMtiiional types The study of constitutional types with refer- 
ence to disease processes in man is a subject the value of which has 
not yet been completely worked out Benedict (1915), Buscamo 
(1922), Hoffman (1924), Reichardt (1924), and Grundler (1926) have 
discussed the constitutional type of epileptics The last named author 
made measurements of 80 patients He beheves that epilepsy de- 
velops on the ground of schizothymic constitution The group stud- 
ied, however, was hardly large enough to justify the drawrmg of 
conclusions 


Practical considerations 

Examination of patient vnth seizures It is evident from all that 
has- gone before that we must consider seizures as a symptom only 
The first duty of the physiaan towards this, as towards any pre- 
sentmg symptom such as headache or abdommal pain, is to look for 
possible immediate and contnbuting causes The fact that these 
causes may be obscure is the more reason for painstaking search 
Whenever arcumstances permit, patients should have the routme 
examinations outlmed below 

Of first importance is a detailed history The begmnmgs of life 
reqmre careful attention Accordmg to Ford (1926), two or three 
per cent of the cases of epilepsy ongmatc m birth injuries Foerster 
(1926) emphasizes the fact that prolonged venous stasis at birth 
may induce epilepsy Besides the usual medical history, the physiaan 
should have all the facts which throw light on the patient’s physical, 
mental and emotional make-up The description of the seizures in 
most cases sliould permit division into one of three classes, viz , 
hysteria, Jacksonian epilepsy and other tj’pes of seizures Within 
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the last named group, seizures from many different causes may closely 
resemble one another. In the same patient from time to time, seizures 
may differ markedly Therefore, we can recognize no particular 
characteristics of a seizure which permit subdivision of the group into 
‘^symptomatic’" or “essential” sub-groups The physical and neuro- 
logical exammations should include inspection of the eye grounds and 
testing of the visual fields, detailed examination of the cranial nerves, 
and of the sensory and motor functions, abnormalities in posture and 
gait, estimation of the stability of the autonomic nervous system, 
etc 


Besides the routine examination of urine, blood and feces, the fol- 
lowing data should be gathered x-ray films of the skull for informa- 
tion concerning old fractures, the size and shape of the sella turcica, 
evidence of increased intracranial pressure, and foci of infection m 
teeth or sinuses, in patients whose posture is poor or who give a his- 
tory of constipation or other disturbance of the digestive tract, an 
x-ray examination of the stomach and intestines foUowmg the inges- 
tion of barium, measurements of the pressure of the spinal fluid and 
of the degree and promptness of response to jugular compression, 
measurements of pressure after removing 5, 10 and 15 cc in order to 
obtain evidence concerning the volume of cerebro-spinal fluid, exami- 
nation of the fluid for the number of cells, the amount of total protein 
and the Wassermann and gold sol reactions, measurement of the basal 
metabohc rate and in cases suggesting endocrine disturbance, a blood 
sugar curve test. Abnormal findings may call for other special ex- 
aminations In only a minority of any group of patients whose pre- 
senting symptom is seizures, will such detailed examination show 
abnormahties that are presumably related m a causal way to the sei- 
zures In only a small percentage of this minonty can the observed 
pathology be corrected and patients relieved For the sake of these 
few, however, such careful work as we have outhned is justified 
The golden opportumty in the treatment of epilepsy is in its begin- 


ning. Then the detection and correction of an exciting cause may 
remove the symptom Later, when the convulsive reaction has be- 


come a habit, it may not Too often the physician after hearing 
the story, takes refuge in the name “epilepsy,” and does nothing 
but prescribe a sedative and wait “He may outgrow it ” “The 
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fits may stop with the completion of teething, with puberty, with 
marriage, with the menopause,” — or (one might add) with death 
After the lapse of years, when the patient is relidy to go to any 
lengths in securing help, complete exammation and careful treat- 
ment may be useless A bram tumor may have become inoperable, 
or an epileptic habit may have become established 
Prophylaxis A wider recognition of the elements which may 
contribute to seizures wiU partially prevent their development 
Eugenics may be made to play a part in Iimitmg the progeny, not 
necessarily of those having convulsions, but of those with congenital 
defiaenaes of the brain or other stigmata of congenital nervous dis- 
order Much may be accomplished by better obstetrical practice 
in the reduction of birth trauma or prolonged asphyvia In case 
of meningeal hemorrhage either m infants or adults, as Bagley (1927) 
and Munro (1927) have demonstrated, there should be repeated 
lumbar puncture or if drainage cannot be satisfactorily secured in 
this way, a decompressive operation Of 48 mfants who received non- 
fatal intracranial injuries at birth and were treated by Munro by 
means of repeated lumbar punctures, only 3 (6 per cent) later de- 
veloped convulsions, and of these two had received inadequate dram- 
age Prevention of meningeal infection and of head trauma is im- 
portant Psychic trauma, “splinters m the mind" no less than 
splmters in the bram call for early treatment 
Treatment Surely patients with no other disease have grasped at 
so many different therapeutic straws When Cclsus saw epileptics 
drmLmg blood from the wounds of dying gladiators he e\claimed m 
effect “What a miserable disease that makes tolerable such a miserable 
remedy” van Wagenmgen (1923) Many modem “cures” are not 
less imserable Vanous therapeutic measures, both logical and em- 
pincal, have been detailed m the precedmg pages Here we shall 
mention only the general measures applicable to all patients 
If the physical and laboratory cxanunations give evidence of ab- 
normality, such as pathology of the central nervous system, disorder 
of the glands of internal secretion, or of the function of the gastro- 
mtestinal system, the presence of foa of infection, etc , specific treat- 
ment should be instituted, when treatment is possible In addition 
every pahent should receive careful attention mth regard to general 
hygiene, diet and medication 
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Hygiene With regard to mental hygiene, it is evident that patients 
with epilepsy, as with any physical limitation, should not center 
thought on the seizures, but whenever possible, should see them- 
selves as useful members of society If possible, they should riot be 
sent to an institution for epileptics, unless they have approached the 
deteriorated mental level common in such institutions Discourage- 
ment must not be mistaken for deterioration They should be pro- 
tected from emotional strain and excitement Certain patients who 
may have had unusual emotional experiences that were related to the 
onset of seizures, should discuss these thoroughly with the physician 
who should explain such experiences to them 

With regard to physical hygiene, by proper work or exercise, by 
sufficient rest and sleep, and by good physical habits, the patient 
should be put in the best possible physical condition. The develop- 
ment of a robust physique is a step towards gaining the staple vaso- 
motor system which so many patients lack. In certam patients the 
correction of posture, the regulation of bowels, or the adjustment 
of the exercise-rest ratio, may be followed by cessation of seizures. 
The demonstration that breathing an oxygen poor atmosphere may 
induce seizures speaks for the importance of eliminating nasal obstruc- 
tions or of increasing lung ventilation and intra-abdominal circulation 
by proper posture and physical exercises The well known dimcal 
dangers of over fatigue finds experimental confirmation in the observa- 
tion by Barbour and Abel (1910) with frogs and by Aub and associates 
(1925) with leaded cats, that animals when exhausted were espeaally 
susceptible to convulsions. As a first defense agamst seizures, the 
patient needs assistance in securing a qmet mind in an abundantly 
healthy body. Though any such regulation of the life manifestly 
does not transform the whole abnormal pathology which lies behmd 
the seizures, it may be the last straw which swmgs the balance to the 
side of no convulsion 

Diet, Concerning diet in epilepsy, Hippocrates had the following 
to say* “The conjurors, purificators, mountebanks and Charlatans 
.... have instituted a mode of treatment . . enforcing ab- 

stinence from baths and many articles of food ... Of sea sub- 
stances, the surmullet, the blacktail, the mullet and the eel, and of 
flesh, those of the goat, the stag, the sow and the dog, for these are 
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the kind of flesh which are aptest to disorder the bowels Of fowls, 
the cock, the turtle and the bustard and such others as are reckoned 
to be particularly strong, and of potherbs, mint, garlic and onions, 
for what is acrid does not agree with a weak person ” This diet list 
has a famihar sound, both for the definiteness with which certam 
articles are excluded and for the empirical quality of the reasons given 
We must admit, however, that the ancient practitioners had as good 
a reason for their exclusions as many modem speaahsts For exam- 
ple, Clark (1926) among other things excludes oranges, grapefrmt, 
raw apples, radishes and raw celery Presumably many clmicians 
exclude fresh fruits on the supposition that they are aad forming and 
that in epilepsy acidosis is to be guarded against, a double error 
Many physiaans forbid eating of meat on pain of instant seizure 
We have seen children who were not allowed to take milk and eggs 
Patients, sometimes with the approval of their physiaan, stop the 
article of food which was eaten at the meal precedmg a convulsion. 
Such stnet one-sided diets find no justification in the evidence which 
we have been able to gather The food, of course, should be simple 
and nutritious and should be only enough to satisfy calonc require- 
ments The exception to this statement is the use in young persons 
of a ketogemc diet This is indicated m children whose seizures are 
frequent enough to justify the hardship involved in followmg the 
diet 

Medteatton Observations concerning the use of various different 
drugs have been mentioned in previous sections Here we shall deal 
only ivith the sedatives Of these, bromide long held first place If 
chloride mtake was reduced, it was found that some of the ingested 
bromide replaced body chloride and was more effective m stopping 
seizures Ulrich (1927) for example, has had expcnencc with several 
hundred patients in an epileptic colony in Switzerland For a period 
of 9 years in which patients received bromide treatment, the average 
number of seizures yearly per patient was 64 In the followmg five 
years patients received bromide, and a restricted but inconstant salt 
mtake Seizures numbered 43 In the last 14 years they have 
received bromide with a restricted constant salt intake and seizures 
have numbered only 16 As an aid to this method of treatment, Wuth 
(1927) has devised a simplified method for the rough approximation 
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of the bromide content of the blood As stated elsewhere, this whole 
question of the relation of various ions to seizures needs more careful 
study At the present time phenobarbital (luminal) is the standard 
drug for controlling seizures It has largely displaced bromide 
because of the fact that it does not so greatly depress the mentality 
Recent reports are by Sands and Irving (1921), Grinker (1922), 
Maillard and Meignant (1923), Rohde (1923), Stuurman (1923), 
Fox (1927), and Darlmg (1923) The usual dose employed is 1| 
grains a day L umin al sodium being more soluble can be given sub- 
cutaneously or intravenously It has been introduced in the sub- 
arachnoid space by Tomesco and Constantinesco (1922), Romer 
(1923), Ayala (1926), who injected it into the dsterna magna, and 
Patterson, Damon and Levi (1926) The evidence of memngeal 
irritation which these various authors have mentioned makes one feel 
that the therapeutic results were bought too dearly The last named 
authors found that intravenous injection of 5 grains of luminal sodiiun 
in 3 patients with status resulted in almost immediate cessation of 
seizures 

In one of our patients having 15 to 20 seizures every day, a single 
intravenous injection of 10 grams of luminal-sodium completely sup- 
pressed seizures for a period of 4 days Following the injection, 
over-ventilation produced only a transient loss of consdousness, 
instead of the generalized clonic contractions which usually resulted 
The loss of consdousness would seem to be a more fundamental 
feature of a seizure than the more spectacular convulsion 

In the treatment of status, dramage of spinal flmd and the intrave- 
nous injection of from 5 to 10 grains of luminal sodium, are the im- 
mediately effective measures Inhalation of a mixture of 10 per cent 
carbon dioxide and 90 per cent oxygen should be useful Patients 
in status may not be able to take nourishment The resulting fastmg 
ketosis may be one factor making for recovery. Administration, when 
possible, of butter, cream or oil, together with plenty of water, would 
assist in maintaining strength, and be as effective as fasting Magne- 
sium sulphate by mouth m 50 per cent solution serves the triple 
purpose of reducing mtracranial pressure, increasing acidosis and 
deamng out the bowels 
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In some patients the use of sedative drugs apparently elunmates 
a certam proportion of the seizures In others it seems to dam them 
up m the organism, to be released in a flood when the drug is dis- 
contmued or the body breaks away from the sedative’s control 
Such a case is described by Lennox and Wnght (1927) A careful 
statistical study over a penod of years of a group of non-mstitutional 
patients is needed, to detenmne the ultimate effect on seizures of 
sedative drugs 

General conclusions 

The material which has been presented is too diverse to permit 
concise recapitulation We have endeavored to make a summarizing 
statement at the end of each section Here we shall give in a 
general way our conception of what is known and what must be 
learned, concermng the symptom called epilepsy 
Although we have discussed the four main theories which have been 
advanced to explain the neurological mechanism involved in a fit 
(the so-called irritation, release, short circuit and explosive theories), 
to none have we been able to assign an exclusive position Probably 
more than one of these mechanisms are usually involved The 
explosive theory, which presumes a sudden alteration of physical or 
chemical relationships throughout the brain substance (for example, 
such as IS induced by extreme hypoglycemia or anoxemia) offers the 
largest field for further research 

For practical purposes the important consideration is the cause of 
the seizure, rather than the mechanism by which it spreads, i c , what 
pulled the trigger rather than what happened after the tngger was 
pulled Obviously, the answer to this question rests on a knowledge 
of the structure and the function of the brains and the bodies of 
representative groups of persons who are subject to seizures Data 
on which to build such knowledge are inadequate Much of the 
information which we have concerns only those patients confined in 
institutions, an unrepresentative and comparatively small group 

The majonty of the brains of institutional patients show some 
structural lesion Such lesions are from various causes (pnnapally 
developmental defects, traumas, infections and vascular acadents), 
and are of vanous sorts They include, in the brain substance, 



254 : 


WILLIAM G. LENNOX AND STANLEY COBB 


of the bromide content of the blood As stated elsewhere, this whole 
question of the relation of various ions to seizures needs more careful 
study At the present time phenobarbital (luminal) is the standard 
drug for controlling seizures It has largely displaced bromide 
because of the fact that it does not so greatly depress the mentality 
Recent reports are by Sands and Irving (1921), Grinker (1922), 
Maillard and Meignant (1923), Rohde (1923), Stuurman (1923), 
Fox (1927), and Darling (1923) The usual dose employed is 1^ 
grains a day Luminal sodium being more soluble can be given sub- 
cutaneously or intravenously It has been introduced in the sub- 
arachnoid space by Tomesco and Constantmesco (1922), Romer 
(1923), Ayala (1926), who injected it into the asterna magna, and 
Patterson, Damon and Levi (1926) The evidence of meiungeal 
irritation which these vanous authors have mentioned makes one feel 
that the therapeutic results were bought too dearly The last named 
authors found that intravenous mjection of 5 grains of luminal sodium 
in 3 patients with status resulted in almost immediate cessation of 
seizures 

In one of our patients havmg 15 to 20 seizures every day, a single 
intravenous injection of 10 grams of luminal-sodium completely sup- 
pressed seizures for a period of 4 days Following the injection, 
over-ventilation produced only a transient loss of consciousness, 
instead of the generalized clonic contractions which usually resulted 
The loss of consaousness would seem to be a more fundamental 
feature of a seizure than the more spectacular convulsion 

in the treatment of status, drainage of spmal fluid and the Intrave- 
nous injection of from 5 to 10 grams of luminal sodium, are the im- 
mediately effective measures Inhalation of a mixture of 10 per cent 
carbon dioxide and 90 per cent oxygen should be useful Patients 
in status may not be able to take nourishment The resulting fastmg 
ketosis may be one factor making for recovery Admmistration, when 
possible, of butter, cream or oil, together with plenty of water, would 
assist in maintaining strength, and be as effective as fasting Magne- 
sium sulphate by mouth m 50 per cent solution serves the triple 
purpose of reducing mtracramal pressure, increasmg aadosis and 
deanmg out the bowels 
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In some patients the use of sedative drugs apparently elimmates 
a certam proportion of the seizures In others it seems to dam them 
up m the organism, to be released in a flood when the drug is dis- 
contmued or the body breaks away from the sedative’s control 
Such a case is described by Lennox and Wnght (1927) A careful 
statistical study over a period of years of a group of non-mstitutional 
patients is needed, to determine the ultimate effect on seizures of 
sedative drugs 


General conclustons 

The material which has been presented is too diverse to permit 
conase recapitulation We have endeavored to make a summarizing 
statement at the end of each section Here we shall give m a 
general way our concepUon of what is known and what must be 
learned, concermng the symptom called epilepsy 
Although we have discussed the four mam theories which have been 
advanced to explain the neurological mechanism involved in a fit 
(the so caUed irritation, release, short circuit and explosive theories) 
to none have we been able to assign an exclusive position Probably 
more than one of these mechanisms are usually involved The 
e^losive theory, which presumes a sudden alteration of physical or 
chemical relationships throughout the brain substance (for examnle 
such as IS induced by extreme hypoglycemia or anoxemia) offers ?he 
largest field for further research ^ ^ 

For practical purposes the important consideraf.nn .c ti. 
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cicatrices and areas of atrophy and softening, and of gliosis, in the 
coverings of the brain, inflammation and cyst formation, and in the 
ventricles, dilatation Intracranial tumors are present in about 
3 per cent of the cases. The microscopic changes like the gross 
lesions, are neither constant nor specific. Concerning many of 
these lesions, one is in doubt as to whether they are the cause or the 
result of seizures W e need more information concerning the brains of 
persons who were not institutional patients, particularly of those 
whose symptoms had existed for a short period only. It is probable 
that a much smaller proportion of the brains of such persons would 
show structural lesions. 

Concerning abnormalities in the body elsewhere than m the brain, 
the most constant is the inconstancy of physiological processes For 
example, there is variation from day to day in such measurements 
as pH of the blood, oxygen consumption, blood sugar curves, 
activity of reflexes, vasomotor reactions, leucocytic formula, ex- 
cretion of ammonia, weight, and nitrogen balance 

In any large group of epileptic patients, many give evidence of 
instability of the sympathetic nervous system. In view of the 
demonstration that cerebral arteries are under vasomotor control, 
circulatory reactions in the skin (such as cyanosis of extremities, 
dermographia, flushing, pallor, areas of vasoconstriction, etc ) which 
indicate vasomotor instability are important as suggesting analogous 
disturbances in the intracramal circulation Many patients have 
poor posture — oftentimes with evidence of ptosis of the gastro- 
intestinal tract. Such abnormalities might exert an unfavorable 
influence through disturbances in circulation or through undue 
muscular fatigue. Constipation, a common complaint, may assist in 
precipitating seizures, A few patients present evidence of disturb- 
ance of endocrine glands, usually in the direction of a diminished 
function of the pituitary or th3a'oid glands. Many patients pre- 
sent abnormalities, the significance of which, if any, is as yet un- 
determined For example, in the spinal fluid there may be increase 
above normal of the amount, pressure and total protein content, m 
the blood plasma one may find increase in the fibrinogen and in the 
degree of flocculation, increase of lactic acid, and of antiproteolytic 
ferments There may be evidence of hypersensitiveness, etc There 
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are, in addition, bits of evidence which suggest fundamental disturb- 
ances of metabolism in epileptics So far, these have done no more 
than pomt the need for more carefully controlled and specialized 
research than has yet been attempted The painstaking accumula- 
tion of apparently unrelated facts must go on, until, like stones for 
a mosaic, they are sufEaent in number to permit their assembly 
into a complete and mtelhgible design 
Because no constant structural lesions have been demonstrated in 
either brams or bodies of persons subject to seizures, and because in 
the presence of very obvious abnormahties, such as brain trauma or 
hypoglycemia, only a minonty of patients so affected will have 
seizures, we beheve that such abnormahties as have been described 
play only contnbutoiy roles A knowledge of the functional ab- 
normalities of nervous tissue is essential for further progress 
The greatest recent advance in our knowledge of epilepsy is the 
demonstration that changes in physicochemical processes in the 
body, and presumably therefore m the brain, may profotmdly modify 
seizures In fact, so fast have we traveled that we have at last caught 
up with the Father of Medicmel Hippocrates, or one of his school, 
wrote a treatise on epilepsy, in which he endeavored to take the 
symptom out of the realm of the supernatural and explain it on a 
physiological basis At the close of his argument he makes this 
striking statement, “but whoever is acquainted with such a change in 
men and can render a man humid and dry, hot and cold by regimen 
could also cure this disease — without minding purifications, spells 
and all other ilhberal practices of a like kind ” Only within the last 
year or two has the truth of Hippocrates’ underlying thought been 
demonstrated Paralleling his concept, but paraphrasing his words, 
we may say that “whoever is acquainted with ph>siology and can 
render a man aadotic, dehydrated and fully oxygenated could also 
repress this disease, -without minding punfication of narcistic per- 
sonalities, ritualistic empirical diets and all other ilhberal practices 

of a like kind ’’ 

Table 3 is a r&um6 of some of the physiological conditions which 
m the preceding pages have been shown to modify seizures The 
list IS, of course, tentative and incomplete, for ground has only just 
been broken for this type of exploration Certainly chemical con- 



258 


WILLIAM G. LENNOX AND STANLEY COBB 


stituents other than those named, e g , Mg, K, and Na, presumabl- 
play a part. The evidence so far gathered indicates that in cei 
tain epileptics subject to frequent seizures, these may be precip] 
tated by oxygen lack and by alkalosis, however induced, wherea 
seizures may be prevented by an increased oxygen tension in th 
tissues and by acidosis, however induced Though oxygenation o 
tissue and acid-base relations each plays an individual r61e, the; 
complement each other; e.g., acidosis lowers the oxygen dissociatioi 
curve and allows greater utilization of oxygen by the tissues, anoxemii 
results in relative alkalosis 

Linked with these two factors is that of the water balance of tissues 
Acute acidosis is associated with dehydration, because of the need fo 
increased excretion of base, whereas acute alkalosis is accompaniec 
by edema Presumably increased permeabihty of tissues is a coroUar] 
of edema Other factors named in table 3 (chemical constituent 
and intracranial pressure), cannot be fitted into the picture so readily 
They may play only a subsidiary or occasionally significant part 
These various factors are intricate parts of a whole One canno' 
now say which is of most importance If, however, we were tc 
hazard a two-word guess concerning the fundamental element ir 
the precipitation of seizures in epilepsy, it would be “oxygei 
lack.” 

From the physiological point of view the blood not only is a part oi 
the brain but joins the brain to the rest of the body In the observa- 
tions which have been cited the degree of general anoxemia or alkalosis 
induced was much greater than ever occurs spontaneously in epi- 
leptics Therefore, one must assume physiological changes in the 
brain which are not reflected in the composition of the penphera] 
blood Such local physiological changes might be precipitated by 
sudden alterations in the flow of blood through the bram 

In view of the facts which have been presented, a convulsion 
might have some such explanation as the following* We know that 
under syunpathetic stimulation contraction of cerebral arteries occurs, 
and we may assume that in epilepsy such contraction may occur. 
Arterial spasm would lead to decreased blood flow in the capiUari^ 
This might lead to deficient oxygenation and consequently alkalosis 
of the brain tissue Under these conditions one might expect an 
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increased passage of fluid outward through the capillary walls, with 
resulting edema Some or all of these factors (oxygen lack, alkalosis, 
edema, change in electrolyte eqmhbnum, increased intracramal 
pressure) might stimulate nerve cells to the point of discharge with 
resulting muscular spasm Apnea and muscular contraction would 
result in a great accumulation of lactic acid and CO2 in the 
tissues, produang a condition of acidosis which would initiateja 
reversible reaction, leading to a better utilization of oxygen,’ a 
retoration of circulation and release of muscle spasm 


TABLE 3 

TenUthve hst of physiological changes tn the hram uhtch may efect seizures 



ctJNDtnoss WHicn may toto io 


Prevent seizures 

Prceipitate seizum 

Oxygen 

Rich supply 

Acidosis by means of 
fasting, fat diet 

Poor supply 

Acid base equUibnum 

Ingestion of acids or acid 
forming salts 

Breathing high CO3 

Low chloride (?) 

Alkalosis b> means of 
ingestion of alkali 
H>’perpnca — "blowing 
oS» COj 

High chloride (?) 

Chemical constituents 

High calcium (tetany) 

Low calcium (tetany) 
Hypoglycemia 

Water balance 

Dehjdration 

Edema 

Permeability of tissues 

Decreased 

Increased 

Intracranial pressure 

Decreased 

Increased 

Intracranial circulation 

Impaired 

Unimpaired 


It IS obvious that further knowledge concerning the relation of the 
metabohsm of the nerve to its function w ill greatly extend our under- 
standing of the conditions which contribute to seizures Possibly 
this will provide new methods of therapy Bock and his associates 
(unpublished data) behove that the process of physical training 
permanently alters the metabolism of muscle tissue, making it more 
efiicient It is possible that one might alter the metabolism of nerve 
cells also Though it is not convenient for patients to liv c under con- 
ditions of increased tension of oxj'gcn or carbon dioxide, it is possible 
to maintain aadosis bj means of a ketogenic diet for considerable 









258 


WILLIAM G. LENNOX AND STANLEY COBB 


stituents other than those named, e g , Mg, K, and Na, presumably 
play a part The evidence so far gathered indicates that in cer- 
tain epileptics subject to frequent seizures, these may be precipi- 
tated by oxygen lack and by alkalosis, however induced, whereas 
seizures may be prevented by an increased oxygen tension in the 
tissues and by acidosis, however induced Though oxygenation of 
tissue and acid-base relations each plays an individual role, they 
complement each other; e g , acidosis lowers the oxygen dissociation 
curve and allows greater utilization of oxygen by the tissues , anoxemia 
results in relative alkalosis. 

Linked with these two factors is that of the water balance of tissues. 
Acute acidosis is associated with dehydration, because of the need for 
increased excretion of base, whereas acute alkalosis is accompanied 
by edema Presumably increased permeability of tissues is a corollary 
of edema Other factors named in table 3 (chemical constituents 
and intracramal pressure), cannot be fitted into the picture so readily. 
They may play only a subsidiary or occasionally significant part. 
These various factors are intncate parts of a whole One cannot 
now say which is of most importance If, however, we were to 
hazard a two-word guess concernmg the fundamental element in 
the precipitation of seizures in epilepsy, it would be “oxygen 
lack,” 

From the physiological point of view the blood not only is a part of 
the brain but joins the brain to the rest of the body In the observa- 
tions which have been cited the degree of general anoxemia or alkalosis 
induced was much greater than ever occurs spontaneously in epi- 
leptics Ilierefore, one must assume physiological changes in the 
brain which are not reflected in the composition of the peripheral 
blood Such local physiological changes might be precipitated by 
sudden alterations in the flow of blood through the bram 

In view of the facts which have been presented, a convulsion 
might have some such explanation as the following' We know that 
under s 3 aupathetic stimulation contraction of cerebral arteries occurs, 
and we may assume that in epilepsy such contraction may occur 
Arterial spasm would lead to decreased blood flow in the capiUari^ 
This might lead to deficient oxygenation and consequently alkalosis 
of the brain tissue Under these conditions one might expect an 
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increased passage of fluid outward through the capillary walls, with 
resulting edema Some or all of these factors (oxygen lack, alkalosis, 
edema, change in electrolyte equilibrium, increased intracramal 
pressure) might stimulate nerve cells to the point of discharge with 
resulting muscular spasm Apnea and muscular contraction would 
result in a great accumidation of lactic aad and COa in the 
tissues, producing a condition of acidosis which would initiateja 
reversible reaction, leading to a better utilization of oxygen,^ a 
retoration of circulation and release of muscle spasm 


TABLE 3 

Tentative list of physiological changes tn the brain which may effect seizures 



eoironioNs wmen iuv toto to 


Prevent scuures 

Precipitate seizures 

Oxygen 

Rich supply 

Acidosis by means of 
fasting, fat diet 

Poor supply 

Acid base equilibnum 

Ingestion of acids or acid> 

Alkalosis by means of 


forming salts 

ingestion of alkali 


Breathing high COj 

Hyperpnea--“blowing 
off” COj 


Low chlonde (?) 

High chlonde (?) 

Qiemical constituents 

High calaura (tetan>) 

Low calaum (tetany) 
Hypoglyccinia 

Water balance 

Dehydration 

Edema 

Penneabibty of tissues 

Decreased 

Increased 

Intracranial pressure 

Decreased 

Increased 

Intracranial circulation 

Impaired 

Unimpaired 


It is obvious that further knowledge concerning the relation of the 
metabolism of the nerve to its function will greatlj extend our under- 
standing of the conditions wluch contribute to seizures Possibly 
this will provide new methods of therapy Bock and his associates 
(unpublished data) beheve that the process of physical traimng 
permanently alters the metabohsm of muscle tissue, making it more 
efficient It is jiossible that one might alter the metabohsm of nerx'e 
cells also Though it is not convenient for patients to h\ c under con- 
ditions of increased tension of oxygen or carbon dioxide, it is possible 
to maintain acidosis by means of a ketogcnic diet for considerable 
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periods of time This measure when used in children is often of 
distinct value That benefit persists for a period after the resumption 
of normal diet suggests a persisting change in the physiological proc- 
esses in nervous tissue. 

One wonders whether a more complete understanding of the action 
and interaction of these physicochemical forces may conceivably 
give us in the next few years a clear understanding of the pathological 
physiology of fits Probably it will not The physiological changes 
which we have mentioned (anoxemia, alkalosis, edema) are them- 
selves only contributory factors They tend to induce seizures by 
increasing the irritabihty of nervous tissues, producing an effect 
which IS not specific for epilepsy Induction of acidosis is a useful 
therapeutic measure not only in certain cases of epilepsy, but also 
in other paroxysmal manifestations, such as, muscle cramps, hiccough 
and tetany. Furthermore, the physiological changes mentioned will 
produce seizures only in those who are subject to seizures. There- 
fore, the important question yet remains, why, under a given stimulus, 
one person should have a seizure and another not 

This “constitution,” or variability in the manner of reaction to a 
certain stimulus, is a quality of living matter and is not pecuhar to 
epilepsy. Though this variabihty is presumably related to the subtle 
cheimstry of the cell, its elucidation is for the future. When this is 
accqmplished the present mystery not only about individual sus- 
ceptibfiity to seizures, but also about individual suceptibihty to 
disease in general may be dispelled 

As we have emphasized above, there is no constant anatomical 
lesion in epilepsy, and only a minority of patients with extensive 
cerebral pathology have fits We are forced then to postulate some 
unknown constitutional element This abnormal “convulsive ca- 
pacity” IS presumably present in some degree in each person with 
epilepsy To that degree each person, whether hysterical, eclamptic 
or suffering from cerebral trauma, tumor or gliosis is an “essential 
epileptic The relative importance of this convulsive tendency must 
vary enormously in different persons and in the same person from time 
to time. Moreover, our meagre knowledge and crude methods do 
not permit us to measure this tendency We cannot estimate m 
any individual what proportion it is of the total influences making for 
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seizures Therefore, the chmcal use of such a term as “idiopathic” 
or “essential” is misleading, and imphes a knowledge of the patient 
which we do not and cannot possess 
The encouraging feature is that, although the exact mechanism of 
seizures is unknoun, much can be done to prevent and, in the early 
stages, to reheve them It is the duty of the physiaan to search out 
the vanous contributing or preapitating factors which, m the individ- 
ual patient, may make for seizures Correction of these abnormali- 
ties may eflect symptomatic cure Finally, no one can doubt that 
continued study and search wall brmg a better understanding and a 
more rational and effective treatment of this distressmg symptom 
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From the Chemical Dmston of the Medical Clinic of the Jol ns Hopkins Uiinersily and 
Hospital, Baltimore, Maryland 

It IS the chief purpose of this article to consider the disease erythre- 
mia or polycythemia vera with especial reference to the papers, clinical 
and expenmental, which have appeared within the past few years, and 
more particularly since the publication of the excellent reviews of 
Parkes Weber and of Gaisbock A number of these more recent 
publications have served to throw further light upon the etiology, the 
clinical course, and the treatment of this obscure malady The first 
of the two monographs mentioned gives adequate attention to the 
Enghsh and American literature No attempt will be made, there- 
fore, to cover completely the older hterature except in so far as it 
appears necessary to give a comprehensive understanding of the 
basis of present conceptions In order, however, to obtain proper 
perspective for a discussion of the pathological and etiological factors 
involved in polycythemia vera, it will be necessary to consider shortly 
the group of polycythemias which, as it is generally agreed, appear 
to have a better understood basis in pathological physiology 
Polycythemia is usuallv defined as that condition in which there is 
an increased number of erythrocj’tcs per unit of the circulating blood 
It IS important to bear in mind that although five million red blood 
cells per cubic millimeter is the average number usually present in 
normal adult blood, counts even up to six million m robust active j oung 
men are by no means aery rare, arc commonly unattended by any 
symptoms, and to all intents and purposes appear to be quite devoid 
of dinical significance ‘ It is also of importance to distinguish betw een 

'lam informed tint in the dasv m Clinical MictOKopy at the Johns HopUns Medical 
School, where stress is laid upon accurate blood counts on each individual student, it is 
not uncommon to find each > car one or more men with lugh crythroc> te counts, but with- 
out any symptoms wliatevcr Two such cases base been studied by Dr Heath and the 
WTiler in the past two )cata Allhoueh enUrely without s>Tnptoms, both men haie 
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and Cannon The latter authors have studied the phenomenon m 
cats and state that it fails to occur after removal of the upper ab- 
dominal sympathetic strands and bilateral severance of the splanchnic 
nerves, or after section of the nerves to the spleen, or, finally, after 
removal of the latter organ 

At the present time the most satisfactory classification of the poly- 
cythemias not due solely to redistnbution or concentrabon of the 
arculating blood volume, appears to be (a) those attnbutable to 
a lowered oxygen tension in the arculating blood or tissues, and (6) 
those due to some other, frequently unknown cause, not directly a 
result of low oxygen tension in the blood or tissues The classical ex- 
ample of the first group is the polycythetma observed at the lowered 
partial pressure of oxygen found with reduced barometric pressure 

The occurrence of polycytherma m man at high albtudes was first 
demonstrated, it seems, in 1889 in the Peruvian Andes by Viault at 
a mine at an altitude of 4392 meters He found erythrocyte counts of 
seven and one-half, and eight million cells, not only in natives, but m 
himself and m a fellow traveller as well, although his blood at Lima 
— almost at sea level — had contamed but five rmllion cells This 
observation, which has since been confirmed by numerous observers, 
and which has been the startmg pomt for many studies of importance 
m respiratory physiology, was in reality a confirmabon of the hypothesis 
already formulated by Paul Bert in 1878 as to the physiological con- 
sequences of low oxygen pressure Bert had subsequently shown 
(1882), that the blood of the Peruvian llama, living at high altitudes, 
has a very high oxygen capaaty The explanation of Miescher, who 
formulated the theory that oxygen lack in the bone marrow produces 
an increased new formation of red blood cells, became widely accepted, 
although It had been early shown that even at rather low pressures 
nearly complete oxygen saturation of tlie arculating artcnal blood 
appears to occur The blood supply to the bones, however, is unique, 
it was argued, because of the relatively small artenes and wide vems, 
and the veloaty of the blood flow in the venous capillaries of the bones 
is accordmgly very lo-n If one may assume a very sluggish blood flow 
in the marrow, although pracbcally nothing is known at present of the 
conditions of blood flow in that tissue, except that it is Aroughout in 
intact vessels (Drinker, Sabin), small differences m oxygen tension 
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an increase in the number of cells per unit volume, and an absolute 
increase in the total mass in circulation The actual state of the cir- 
culatmg blood volume is very imperfectly known in many conditions 
of polycythemia 

Probably the most common example of an increase in the number of 
erythrocytes per umt of volume met with by the clinician is the tem- 
porary relative polycythemia due to losses of fluid from the body, which 
results in blood concentration Such losses may be due to persistent 
vomiting, or to severe diarrhoea Asiatic cholera furnishes a classi- 
cal example of blood concentration due to the latter condition Copi- 
ous sweating and abnormally low fluid intake from many causes of 
course produce the same effect The famihar cUnical signs of dehy- 
dration, the moderate leucocytosis which may accompany it, and the 
rapid return of the erythrocyte count to normal when proper fluid 
intake is reestabhshed offer few difficulties in diagnosis 

The polycythemia which has been noted at the extremes of hfe — 
“polycythenua neonatorum” (Lippmann), which may reach as high 
as 6 9 milhons (Hirschfeld), and the polycytherma of the senium 
(Hammer and Schlesinger, Naegeh) are so poorly defined that they 
hardly deserve extended comment The same may be said of that 
reported to occur after hea^^ meals, durmg the premenstrual phase, 
durmg pregnancy, after menopause, and m hibernatmg mammals 
(Gaisbock, Naegeh, Hirschfeld) A further physiological type is that 
which appears to follow immediately upon vigorous exercise and 
which cannot be explamed alone on the basis of relative blood con- 
centration at the penphery, or as a result of sweatmg and excessive 
fluid loss through the lungs The recent work of Barcroft and his 
co-workers upon the spleen, as a storehouse and reservoir for ery- 
throcytes which contracts in response to various stimuh and throws 
a large mass of reserve cells rapidly mto the circulation, has pro- 
vided an e:q)lanation for this and other hitherto obscure observations 
upon the sudden mcrease of red cells in the penpheral blood ob- 
served under a number of circumstances Such, for example, is the 
type of polycythemia described by Lamson and others as followmg 
emotional excitement, and recently examined in detail by Izqmerdo 

definitely palpable spleens We hai e also e'samined another man who has a persistent 
high red cell count, but without a palpable spleen Lommel has reported somew a 
similar observations and draws similar conclusions 
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and Cannon The latter authors have studied the phenomenon m 
cats and state that it fails to occur after removal of the upper ab- 
dominal s)impathetic strands and bilateral severance of the splanchnic 
nerves, or after section of the nerves to the spleen, or, finally, after 
removal of the latter organ 

At the present time the most satisfactory classification of the poly- 
cythemias not due solely to redistnbution or concentration of the 
circulating blood volume, appears to be (a) those attnbutable to 
a lowered oxygen tension m the circulating blood or tissues, and (&) 
those due to some other, frequently unknown cause, not directly a 
result of low oxygen tension in the blood or tissues The classical ex- 
ample of the first group is the polycythemia observed at the lowered 
partial pressure of oxygen found with reduced baromctnc pressure 

The occurrence of polycythemia m man at high altitudes was first 
demonstrated, it seems, in 1889 in the Peruvian Andes by Viault at 
a mine at an altitude of 4392 meters He found erythrocyte counts of 
seven and one-half, and eight million cells, not only in natives, but m 
himself and m a fellow traveller as well, although his blood at Lima 
—almost at sea level— had contamed but five milhon cells This 
observation, which has since been confirmed by numerous observers, 
and which has been the starUng point for many studies of importance 
m respiratory physiology, was in reahty a confirmation of thehypo thesis 
already formulated by Paul Bert in 1878 as to the physiological con- 
sequences of low oxygen pressure Bert had subsequently shown 
(1882), that the blood of the Peruvian llama, living at high altitudes, 
has a very high oxygen capaaty The explanation of Miescher, who 
formulated the theory that oxygen lack in the bone marrow produces 
an increased new formation of red blood cells, became widely accepted, 
although it had been early diown that even at rather low pressures 
nearly complete oxygen saturation of the arculating arterial blood 
appears to occur The blood supply to the bones, however, is unique. 
It was argued, because of the relatively small arteries and wide veins, 
and the veloaty of the blood flow in the venous capillaries of the bones 
IS accordingly very low If one may assume a v ery sluggish blood flow 
in the marrow, although practically nothing is known at present of the 
conditions of blood flow m that tissue, except that it is throughout in 
intact vessels (Drinker, Sabin), small dilTerenccs in ox>gcn tension 
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might assume great significance Animals when kept at high altitudes 
develop a polycythemia just as do men, and the bone marrow shows 
marked evidence of erythropoietic activity (Zuntz, Loewy, Muller 
and Caspari) They are also stated to have an increased blood volume, 
Jaquet and Suter observed striking increases in red cell count and 
hemoglobin in rabbits at Davos, at a rather low altitude (1560 m ), 
and Lippmann has recently reported a 20 per cent increase in erythro- 
cytes and hemoglobm in natives in the same locality, together with an 
increase in the total blood volume. A number of other observers 
appear to have established the occurrence of mcreased cell and hemo- 
globin concentration at altitudes as low as ten thousand feet or even 
less (Stammers at Johannesburg, six thousand feet) The present 
evidence indicates that hemoglobin and erythrocy^tes increase in 
about the same proportions, so that the color mdex is unchanged 
(Schneider) More recent carefully controlled studies by Dallwig, 
KoUs and Loevenhart, and by Campbell, on animals kept at normal 
barometnc pressure but at low oxygen tensions have served to confirm 
many earlier observations, and to emphasize the rather striking pro- 
portionality which seems to exist in general between the degree of 
anoxemia produced and the degree of polycythenua which results. 
Nevertheless, it is important to emphasize the fact that many marked 
individual variations in response are always to be found. Such 
experiments further serve to demonstrate the fact that the increased 
haematopoietic activity is a consequence of low oxygen tension alone 
and not merely of low barometnc pressure. The response of man to 
low oxygen tensions by means of gas chamber exqieriments and by 
rebreathing gas mixtures containing low oxygen percentages has, it 
would seem, been exhaustively studied, and nearly all observers find 
appreciable increases in hemoglobm and m erythrocyte concentration 
(Gregg, Lutz and Schneider). Kuhn, by means of a mask device with 
which he could produce an artificial dimmution of oxygen tension in 
the lungs dauned to be able to produce a well marked increase m the 
number of red cells in the blood This, however, could not be con- 
firmed by others (Senator, Morawitz), and certainly can have very 
little therapeutic value Bence claimed that mhalation of oxygen 
lowers the polyglobuliaof high altitudes as well as that of heart disease 
of erythremia This question will be further discussed later in con- 
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nection with erythremia It need only be mentioned here that Bom- 
stem claims to have produced anemia by means of mcreased atmos- 
phenc oxygen pressure, and that the recent experiments of Campbell 
appear to point m the same direction The extremely variable 
individual biological response to changes m oxygen tension is stressed 
by many authors, espeaally Naegeli It is of the greatest importance 
and probably goes far to explain much of the confusion evident in the 
literature 

There appear to be two stages m the production of the erythrocy tosis 
resulting from exposure to high altitudes One appears quite rapidly, 
unattended by evidence of new blood formation, as after a balloon 
ascension, (said to produce as much as 12 per cent mcrease), or among 
aviators (Ench Meyer and Seyderholm, Hirshlaff, Culpepper), or after 
suddenly lessened air pressure (Grawitz, Schaumann and Rosenquist, 
Durant and Fredencq , Strohl, Binet and Fourmer, and many others) 
The other stage, which only appears after a sojourn of some da> s at 
low barometric pressures, is accompanied by evidence of erythroblastic 
activity in the circulating blood (Zuntz, Haldane, Barcroft) Ac- 
cordmg to Forbes’ careful studies with the Cerro de Pasco Expedition, 
the maximum reticulocyte count in man appears after about oneweek 
at high altitudes The first stage now seems in all likelihood to be due 
primarily to the rapid extrusion of red cells into the circulation, es- 
peaally from the spleen It is of histoncal interest, at least, to note 
that Senator at one time considered the change to be due to mcrease 
in the size of the erythrocytes and that Naegeli explamed the phenome- 
non as due to plasma loss in the tissues or to abnormal distnbution of 
the erj'throcytcs in the skin capillaries 
That the effect of high altitudes upon the blood fomung organs and 
upon the erythrocyte and hemoglobin concentration of the arculating 
blood is due to lowered ox> gen tension alone, is a thesis which has been 
seriously questioned, however, by competent observ ers,and manj other 
suggestions are to be found m the literature Blirkcr, while he con- 
sidered the pnnapal factor to be lowered air pressure, was also mdincd 
to ascribe a rfllc to the effects of cold, light, and to the dryness of the 
air Concentration due to increased water loss through \ anous chan- 
nels, rapid surface evaporation at high altitudes, abnormal distnbution 
of the peripheral blood under the stimulus of strong sunlight, wind 
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and vasomotor influences have all been suggested (Grawitz, Sahli, von 
Limbeck and many others) The observations of Kestner are interest- 
ing and suggestive. It had previously been observed by several 
workers (Zuntz et al, Abderhalden) that animals rendered artificially 
anemic by bleeding or by phenyl hydrazme could be made to regenerate 
their blood much more rapidly at high altitudes than at normal levels 
This regeneration m anemic animals under low oxygen tension was 
indeed much more striking than the new blood formation ordinarily 
induced in normal animals Morawitz reports the same effect in human 
anemia and believes that a sojourn at high altitudes has an important 
therapeutic value Kestner repeated and confirmed this effect upon 
anemic animals in a low pressure chamber, but at the same time he 
found that an equal or even more striking change could be produced 
by direct radiation of the animal itself or by pumping into the animal 
chamber air which had been radiated by an arc lamp The effect of 
light in the production of polycythemia has been noted by others, as in 
persons who handle x-rays, radium and radioactive substances, etc. 
Blood volume studies in animals (Abderhalden) have indicated a 
decided increase coincident with the onset of polycythemia. The 
state of the blood volume has not yet been satisfactorily studied m 
man at high altitudes, but the indications are that it is increased 
(Barcroft et al , Douglas, Haldane, et al ). 

A further important group of polyc^themias seem to be caused by 
cardiocirculatory abnormalities or by an obstructed gas exchange in 
the lungs This group is well recognized and the mechanism of its 
production has always been tacitly assumed to be similar to that 
produced by low oxygen tension, as at high altitudes. It includes 
conditions affecting normal pulmonary ventilation— emphysema, 
stenosis of the trachea or larynx (Vaquez, Sellier, Labbe), and com- 
pression of the thorax (Reckzah, case II), lung tumors, or tumors 
pressing on the lungs, the various masses producing mediastinal 
obstruction, gas poisoning by pulmonary irritants, and dinical 
(spontaneous or induced), or e:^erimental pneumothorax, as well as 
chronic cirrhotic pulmonary phthisis (Gutzeit, Moog and Felling, 
Durant and Fredericq). Fredericq’s case observed during the war is 
especially interesting. It was that of a soldier with a total right 
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pneumothora's, seemingly -nell compensated, in -nhich the erythrocyte 
count n as eight milhon 

The polycythemia of congenital heart disease is classically found in 
pulmonary stenosis An interesting study of this phenomenon is that 
of Fromiriierz From his report and that of others it is likely that an 
enlarged liver and spleen are not uncommon in this condition It is 
of importance also that such pathological evidence as is available 
indicates that there is abnormal hacmopoietic activity m the bone 
marrow with disappearance of the normal fatty tissue (Weil, Weber, 
Machey, Todtenhaupt) Weil’s two cases, which are quite well 
descnbcd, were m youn^ children In one case the spleen was much 
enlarged We have not found reports of examinations of the bone 
marrow in cases which have reached matunty, with the exception of 
Todtenhaupt’s case, a young man of twenty-five The erythrocyte 
count was 13 9 millions Because of this extraordinary increase a 
venesection of 750 cc was done, which caused cxitus The yellow 
bone marrow was completely changed into the red type, as in polycj- 
thcmia vera It is of interest that in this condition, where very high 
red counts have been reported and arc certainly not uncommon, 
descnptions of cerebral thromboses or of hemiplegias, such as are so 
common in polycytherma vera, are rarely published They neverthe- 
less occur (Wnght, H L H , cases') Red cell counts of seven to eight 
and one half milhon are commonly found and several have been re- 
ported as high as ten milhon We have not been able to find, cunously 
enough, any very carefully detailed studies of the morphology, or of 
other factors, chcimcal or physiological, of the blood m congenital 
heart disease It would be of great interest to know in how far the 
condition of the blood resembles that found m poljcythemia vera 

One group of cases of polycytherma of carcho pulmonarj ongm 

*Dr r R. Ford has \ cry kindl) drawn the ■wftier*sattcntiOTi to two cases whicKha\c 
occurred m the Harriet Lane Home, Johns Hopkins Hospital The first, a child of t^^cU c 
(no 47006) had a residual spastic hem plcgia which liad appeared following con\'uIsions 
dunng an attack of measles at the age of four The chDd was markedl> ej'anosed v lUi 
evidences of pulmonary stenosis, clubbing of the fingers, and erjlhrocytc count of 9 5 
million and hemoglobin 125 per cent. Both liver and spleen were palpable. 

The second case (no 51175) was an infnnt of twenty months diagnosed as pulmonary 
stenosis and with paralyzed nght arm and leg nod clubbing of the fingers The child 
died of pneumoma but there was no autopsy The date at which tlic paralysis occuned 
could notbe exactly dctermine<l 
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has excited particular attention in the past few years It seems to 
have been first described in 1901 by Professor Abel Ayerza of Buenos 
Aires, and was the subject of a medical thesis by Marty in 1909, (in 
which the term Ayerza’s Disease, “cardiacos negros,” was first used) 
Arnlaga has recently written an excellent monograph on the subject 
A certain degree of confusion has crept into the various descriptions of 
this syndrome The clinical picture is one of chronic cyanosis, of 
varymg but often extreme degree, usually associated with pulmonary 
emphysema, and with evidence of dilatation and hypertrophy of the 
right heart, whose ventricular walls often become as thick as those of 
the left side The patient often gives a history of attacks of asthma 
or bronchitis extending over many years and has marked dyspnoea 
on exertion The cyanosis and the pulmonary symptoms may be 
of very long standing, as well as the dyspnoea, before evidences of 
heart failure appear. Secondary sclerosis of the pulmonary artery, 
often accompanied by dilatation, with obstruction to the circulation 
of blood through the lungs (the general circulation being left relatively 
intact), IS the explanation usually given to these cases Arnlaga, 
however, considers the disease of the pulmonary artery to be primary 
Rogers has described this pulmonary sclerosis and dilatation and has 
ascribed it to a syphilitic basis His pathological reports of cases m 
Bengal are unfortunately accompanied by very poor chnical descnp- 
tions and do not mclude reports on blood counts Congenital narrow- 
ing or hypoplasia of the pulmonary artery may play a role in some 
cases, and in addition, emphysema, pleural adhesions, pulmonary 
fibrosis of chronic tuberculous origin (Gutzeit), or chrome interstitial 
changes are contributory to the condition Weber lays stress on the 
frequency of the syndrome in East London among middle aged 
Hebrews Syphilis and pulmonary arteriosclerosis are stressed by 
South Amencan writers and Warthin’s case showed syphilitic arterio- 
sclerosis of the pulmonary arteries Weber does not believe that 
syphilis is an essential factor in “cardiacos negros,” and states that 
both of the new cases reported by Lucas in his paper on erj’^thremia 
several years ago were in reality, cases of Ayerza^s Disease, not of 
polycythemia vera Clarke and others have very recently reported 
cases of primary disease of the pulmonary artery which were of con 
genital origin and they suggest that an mherited factor is present m 
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many of them There can be little doubt that a number of cases re- 
ported m the literature as polycythemia vera will fit very well into this 
somewhat ill defined group Pulmonary arteriosclerosis appears to be 
relatively common in the tropics The spleen is sometimes enlarged, 
sometimes tuberculous, there is usually dilatation and chronic passive 
congestion of the liver and sometimes clubbing of the fingers The 
polycythemia m these cases may be very great, langmg as high as ten 
or eleven million cells per cubic millimeter According to Morse, the 
picture IS due to pulmonary fibrosis rather than disease of the pul- 
monary artery The thickening of the pulmonary vessels recalls to 
mind the cunous pulmonary arterial thickening observed by Campbell, 
and shown in illustrations in his recent article describing the effects on 
animals kept over long periods at low oxygen tensions On the other 
hand, it is interesting to recall that in both of Schreyer’s carefully 
described post mortem examinations in cases which seem to have been 
true polycythemia rubra, there was well marked widening of the 
pulmonary artery and thinning out of its wall Nathan agrees witli 
Escudero that there arc probably two penods in the evolution of this 
syndrome first, a bronchitic period, and second, a cardiac period 
which IS first shown by evidences of galvanomctnc and radiographic 
preponderance of the left side of the heart It seems fairly dear that 
no serious difficulty should ordinarily arise in the differential diagno- 
sis of Ayerza’s syndrome from that of polycythemia vera In the for- 
mer case, “cardiacos negros,” a considerable arterial oxygen unsatura- 
tion must usually be present (we have not found studies reported), 
and the pulmonarj and cardiac changes are fairly outspoken in definite 
cases 

So far as the polycytlieraia which may accompany heart disease is 
concerned aside from the special groups discussed above, it appears to 
be fairly well established that patients suffenng from nutral lesions are 
more apt to have polycythemia than tliose with aortic lesions, and 
that increased blood counts are most apt to occur where cmphvscma 
exists or where secondary changes occur m tlie lungs, demonstrable 
cither b> physical examination or in the x-raj Such polycj thenuas 
rarelj exceed sev en million cells So far as the author is aware, minute 
studies of the morphology of tlie blood have not been made and little 
IS 1 nown as to the alterations in the circulating blood \olume m this 
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group of polycythemic conditions Two isolated observations by 
W. Schmidt showed an increased blood volume As Gutzeit has 
observed, many cases of serious heart disease with secondary lung 
changes show no increase in the blood count whatever Factors other 
than the heart disease itself must be present in such secondary 
polycythemias 

A considerable number of chemical agents and pharmacologically 
active substances are said to produce polycythemia Most of them 
have been summarized by Lamson Only a few will be alluded to 
here. Arsenic, and particularly phosphorus, have long been recog- 
nized as inducing polycythemia, but the exact method by which they 
cause bone marrow stimulation is not known The polycythemia 
associated with phosphorus poisoning may be very considerable 
Thus out of 118 cases observed at Prague, 44 showed counts between 5 
and 6 milhon, 20 between 6 and 7 million, 11 between 7 and 8 million; 
and 3 exceeded 8 million (Silbermann, v Jaksch). Among the metals 
it is mentioned in experimental manganese poisoning, and it has even 
been suggested that polycythemia may be due to disturbed (mcreased) 
cell respiration due to the presence of abnormal amounts of iron or 
manganese as an oxidation catalyzer i (Schreyer) Persons exposed to 
mercury and to iron and those dealmg with radium salts are reported 
to be subject to polycythemia Recently reported studies by G. L 
Muller have shown that an extremely powerful agent in the experi- 
mental production of polycythemia, normoblastosis, and erythrocytic 
hyperplasia of the bone marrow is to be found in gum shellac An 
excellent discussion of the question with literature is given in her 
article 

Carbon monoxide poisoning produces polycythemia in the experimen- 
tal animal, as was early shown by Nasmith and Graham The poly- 
cythemia occurring in chrome carbon monoxide poisoning in man 
appears to be recognized as an established fact It is not of so regular 
o ccurrence in acute poisoning The case of cantharides poisoning with 
polycytheima reported by Lipsitz, Fuerth and Cross was supported 
by interesting experimental studies It is widely stated that in the 
polycythemias induced by poisons the hemoglobin is usually reduced, 
although the number of cells is increased 

A number of infectious diseases have been stated to produce poly- 
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cythemia It is very probable that this is frequently only a deliy- 
dration phenomenon, excessive amounts of moisture being evaporated 
off due to the increased metabolism The mechanism is probably 
similar in the polycythemias from time to time reported in diabetes 
insipidus and m diabetic coma In the latter condition an actual 
dimmution m the arculating blood volume has been reported (Chang 
and Harrop, also, Eppinger and Schurmeyer, and Detre) On the 
other hand Weber thinks that there is a polycythemia typical of ob- 
solete or quiescent pulmonary tuberculosis which may be compensa- 
tory to fibrotic changes m the lungs, agam a question of interference 
with adequate pulmonary oxygen exchange 
Thepolycythenua produced by adrenalin is fully desenbed by Lam- 
son AmorerecentstudyisthatofEdmundsandNelson Thereader 
must be referred to the earlier monographs for the literature on its 
production by tubercubn, by the injection of serum from anemic 
animals, and other experimental procedures 
Hamilton records an investigation by G R Minot m 1918 upon a 
group of girls suffering from ether poisoning in the manufacture of 
smokeless powder A considerable number had polycythemia, up to 
7 8 million Kilgore has recently reported the occurrence of poly- 
cythemia, strikingly resembling polycythemia vera, in two persons 
exposed to aniline dye fumes as dyers of feathers One of tliese had 
indeed been previously reported as a case of polycythemia vera, 
greatly improved with x-ray and benzol (Hurwitz and Falconer) It 
IS frequently stated that polj cythemia may follow the methemoglo- 
binemia produced by nitrites and aniline dye products It is also 
produced by toluylendiamme, nitrobenzol, and atoxyl The question 
of its occurrence as an over response to the stimulation of hemorrhage 
is very interesting It is reported in hemophilia (Pick), paroxysmal 
hemoglobinuria (Pels), scurvy, and hemolj tic icterus 
Talquist discusses the occurrence of erj throcy tosis in cliromc alco- 
holism The polycythemias of gas poisoning and of shodv are no 
doubt largclj due botli to a redistnbution of blood into tlic peripheral 
vessels and to abnormal diffusion of fluids into the tissues, as well as 
to interference with pulmonary' gas cxdiangc 
Tlie polycythemia reported b> Sdiulmann and Wcismann asso- 
aated walh congenital syphilis, in which the erythrocyte count dropped 
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from twelve million to less than six million after neo-arsphenamine 
treatments, and the polycythemia described by Pnbram in a patient 
with multiple tumors of the bone marrow and Bence-Jones proteinuria, 
are recent examples of cases which seem to be secondary to some well 
defined cause 

The striking thing with regard to all of the so-called “secondary” 
polycythemias is their many pomts of similarity and contact with 
polycythemia vera The trend of many articles in recent years has 
certamly been to emphasize this close relationship still further 

POLYCYTHEMIA VERA 

The first mention of the clinical syndrome chronic cyanosis, spleno- 
megaly, and polycythemia appears to have been made by Vaquez in 
1892 He first considered it as probably due to a form of congenital 
heart disease, but he later disproved this at autopsy About a dozen 
or more cases were then reported in the French, English and American 
literature, but general attention was first drawn to the new “chnical 
entity,” at least in England and America, by the appearance of Osier’s 
papers in 1903 and 1904 The stnking appearance of the patients, 
and the problem of the relationship of the syndrome to other poly- 
cythermas, produced by better understood alterations of physiology, 
no doubt explam the great interest displayed in the disease since that 
time Thus Lucas in 1912 was able to find records of 179 cases and 
the number has much more than doubled since that time It can no 
longer be regarded as a very rare disease, although it is usually so 
considered in the text-books A number of synonyms have been pro- 
posed for the condition, of which Polycythemia Vera, Erythremia,® 
Splenomegahc Polycytheima, Myelopathic Polycythemia, Polycythe- 
mia Rubra, Polycythemia with Chrome Cyanosis, Erythrocytosis 
Megalosplenica, Vaquez’s Disease, and Osier’s Disease are probably 
the best known 

There appears to be neither racial nor regional predilection for 
polycythemia vera and the sexes are about equally affected The age 

3 The use of the term erythremia, as contrasted to erythrocytosis, m analogy to the 
employment of the terms leucemia and leucocytosis, is justified as indicating an cryll rocy 
lasts of unknown etiology It is objectionable, hoivever, if it is implied that erythremia is 
a disease similar in its etiology and character to leucemia 
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of onset, as is well known, is usually in middle or late middle life, but 
evidences of the condition are frequently recogmzable at a much earlier 
penod Patients arc usually very vague m their statements concern- 
ing the exact date when their symptoms commenced It is evident 
that the disease, erythremia, or rather an crythrocytosis which pre- 
cedes it, IS likely to have been present for a long time before it finally 
obtrudes itself upon the consaousness of the patient Cases are ated 
of individuals who have apphed to their physiaan for cosmetic reasons, 
to be nd of the unnatural red flush of the skm — “mehr rot als krank” 
— and who are otherwise symptom free Others may apply for aid 
on account of the splenic tumor, but who have had, even on careful 
questioning, very few if any otlicr disturbing symptoms The decades 
dunng which the malady appears are just those m which the develop- 
ment of secondary lung changes, fibrosis or emphysema, or of arteno- 
sclerotic changes in the brain, may be the culminating event which 
finally impresses on the tmnd of the sufferer the consciousness of a 
senous disorder Nervous symptoms are among the most common for 
which medical advice is at first sought, and, it may be noted, typically 
those symptoms which are common in imld grades of chronic anoxemia 
There does seem to be a certain rather characteristic tj^ie of body build 
in persons suffering from this disease, a fact vihich has been remarked 
by several authors They are very seldom stout or overweight, but 
on the contrary are usually space, with thin, often rather narrow faces 
From the records available of our cases at this hospital, persons of 
fair complexion are more frequently affected than are brunettes, a 
point of similarity to pemiaous anemia 

THE SKIN AND StUCOHS MEMBRANES 

The sinking color of the skin in polycythemia vera and tlie vanous 
factors in its production have been the subject of interesting studies 
It was originally desenbed by Vaquez as a cyanosis, but of “une forme 
spdaale,” and the distinction between the color tj-pical of polycj- 
thcmia and tliat of ordinary cyanosis has really alwa>s been veil 
recognized by vnters Ihe primary cause of cjanosis, as due to the 
color of tlie blood itself vlien an abnormallj large proportion of rc- 
ducedhemoglobin isprescnthasbecncxtcnsix cl> studied by Lundsgnard, 
and later by Lundsgaard and Van Slyke m their excellent monograph 
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from twelve milhon to less than six milhon after neo-arsphenamme 
treatments, and the polycythemia described by Pnbram in a patient 
with multiple tumors of the bone marrow and Bence-Jones proteinuria, 
are recent examples of cases which seem to be secondary to some well 
defined cause 

The striking thing with regard to all of the so-called “secondary” 
polycythemias is their many pomts of sirmlanty and contact with 
polycythemia vera The trend of many articles in recent years has 
certainly been to emphasize this close relationship still further 

POLYCYTHEMIA VERA 

The first mention of the chnical sjmdrome chrome cyanosis, spleno- 
megaly, and polycythemia appears to have been made by Vaquez in 
1892 He first considered it as probably due to a form of congenital 
heart disease, but he later disproved this at autopsy About a dozen 
or more cases were then reported m the French, Enghsh and American 
literature, but general attention was first drawn to the new “chmeal 
entity,” at least in England and America, by the appearance of Osier’s 
papers in 1903 and 1904 The staking appearance of the patients, 
and the problem of the relationship of the syndrome to other poly- 
cythemias, produced by better understood alterations of physiology, 
no doubt explam the great mterest displayed m the disease since that 
time Thus Lucas in 1912 was able to find records of 179 cases and 
the number has much more than doubled since that time It can no 
longer be regarded as a very rare disease, although it is usually so 
considered in the text-books A number of synonyms have been pro- 
posed for the condition, of which Polycythemia Vera, Erythremia,® 
Splenomegalic Polycythemia, Myelopathic Polycythemia, Polycjrthe- 
mia Rubra, Polycytherma with Chrome Cyanosis, Erythrocytosis 
Megalosplemca, Vaquez’s Disease, and Osier’s Disease are probably 
the best known 

There appears to be neither racial nor regional predilection for 
polycythemia vera and the sexes are about equally affected The age 

®The use of the term erythremia, as contrasted to erythrocytosis, in analogj to the 
employment of the terms leucemia and leucocytosis, is justified as indicahng an erythrocy 
tosis of unknown etiology It is objectionable, howev er, if it is imphed that erythremia is 
a disease similar in its etiologj’’ and character to leucemia 
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of onset, as is well known, is usually in middle or late middle life, but 
evidences of the condition are frequently recogmzable at a much earlier 
penod Patients are usually very vague in their statements concern- 
ing the exact date when their symptoms commenced It is evident 
that the disease, erythremia, or rather an erythrocytosis which pre- 
cedes It, IS hkely to have been present for a long time before it finally 
obtrudes itself upon the consaousness of the patient Cases are ated 
of mdividuals who have apphed to their physiaan for cosmetic reasons, 
to be nd of the unnatural red flush of the skm — “mehr rot als krank” 
— and who are otherwise symptom free Others may apply for aid 
on account of the splenic tumor, but who have had, even on careful 
questioning, very few if any other disturbing symptoms The decades 
during which the malady appears are just those in which the develop- 
ment of secondary lung changes, fibrosis or emphysema, or of arteno- 
sclerotic changes in the brain, may be the culminating event which 
finally impresses on the mind of the sufferer the consciousness of a 
senous disorder Nervous symptoms arc among the most common for 
which medical advice is at first sought, and, it may be noted, typically 
those symptoms which are common in mild grades of chrome anoxemia 
There does seem to be a certain rather charactcnstic type of body build 
in persons suffenng from this disease, a fact which has been remarked 
by several authors They are very seldom stout or overweight, but 
on the contrary are usually spare, with thin, often rather narrow faces 
From the records available of our cases at this hospital, persons of 
fair complexion are more frequently affected than are brunettes, a 
point of similarity to pernicious anctma 


THE SKIN AND MUCOUS MEMBRiVNES 

The striking color of the skm in polycythemia vera and the vanous 
factors in its producUon have been the subject of interesting studies 
It was originally described by Vaquez as a cyanosis, but of "une forme 
speaale,” and the distinction between the color typical of polycj'- 
thcmia and that of ordinary cyanosis has really always been well 
reMgmred by writers The primary cause of cyanosis, as due to the 
color of the blood itself when an abnormally large proportion of re- 
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It is quite evident, however, (as indeed these authors have pointed out), 
that cyanosis in general and especially the peculiar color seen in poly- 
cythemia are very much affected by other factors Chief among these 
are the thickness and amount of pigmentation of the skin, the number, 
distribution and state of dilatation of the peripheral capillaries and ven- 
ules, and the rate of capillary blood flow ^ As will be pointed out later, 
the extraordmary increase in the blood volume, whicb in typical cases 
seems to fill the vascular tree to its fullest capacity, is of pnme impor- 
tance and probably constitutes a most significant pathological altera- 
tion in this disease from the standpoint of its symptomatology It is 
nowhere more marked than m the minute skin vessels, which have been 
particularly studied by Brown and his co-workers These capillaries 
are engorged and distended to capacity, and there is marked slowing 
of the blood flow. This delayed, sluggish peripheral circulation no 
doubt accoimts for the sensitiveness to cold of which these patients 
often complain, and probably for the lowered body temperature 
frequently described (Hirschfeld). Nearly always they do better in 
a mild or warm chmate Excessive sweating, especially of the palms 
and soles, is often complained of, but this may also be in part due to 
the increased basal metabolism 

The distribution of the abnormal skin color is of interest It occurs 
especially on exposed surfaces — the face, particularly the cheeks, the 
tip of the nose, and the ears are usually prominent Sometimes it 
extends to the neck, but the trunk in general shows no such remarkable 
color change The hands and dorsal surfaces of the forearms are 
colored, but less often the lower legs and feet At times, however, 
especially in patients with erythromelalgic s3miptoms, the coloration 
of the lower extremities is very striking It is a mixture of blue and 
red, the shades depending, as Osier early recognized, upon the state of 
dilatation of the peripheral vascular network and upon the speed of 
the circulation through these areas One recalls his vivid descnption 
of the patient whose color in hot weather was ^‘red as a rose ’ but in 
winter as ^'blue as indigo The facial color has been compared by 
various writers to that of blushing or to the appearance after exposure 

*It IS claimed that the subpapiUaiy venous plexus, not the penpheral capillary 
bed, IS of paramount importance m regulatmg the depth of skm color The dommant 
influence is the size or state of distention of the venules (Lewis, Wetzel and Zottennann; 
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to a ■warm fire, or after coimng from a steam bath, or to that of a 
chrome alcoholic, or to the appearance after inhaling amyl nitnte 
Frequently it has been noted from early youth, long before the ap- 
pearance of symptoms Pigmentation, usually brownish, often the 
result of small skin hemorrhages, is quite common in long standing 
cases Nevertheless, the characteristic skin color is often absent even 
m cases with marked polycythenua as many authors have noted, and 
as Christian has particularly stressed As the red count vanes from 
time to time and particularly when there is a marked drop following 
therapy, the color change is apt to be abrupt and striking 
From time to time skin lesions supposed to be charactenstic of the 
disease have been mentioned, but few have withstood the test of 
extensive study Eczema and dryness of the skin are described The 
peculiar skin lesion reported by Pick and Keznelson which was thought 
to be acne rosacea was much improved by the treatment of the polycy- 
themia This seems to be the most common skin lesion (Richter, 
Sequeira) A lesion recently desenbed by Cans in a typical case of 
erythremia from Krehl’s clinic is of interest because of its analogy to 
the cutaneous nodules of leucemia It consisted of a rose red colora- 
tion over firm, irregular round or oval nodules, very tender to touch 
and scattered over the trunk, particularly in the Ion er back and abdo- 
men Histologically the lesion consisted of a mass of peculiar minute 
vascular dilatations packed with erythrocytes and surrounded by 
masses of cells with small round dark staining nuclei and mth very 
little protoplasm These cells gave the oxydase reaction hlany of 
the small cutaneous vessels were completely tliromboscd, wth marked 
overgrowth of the intima A generalized purpuric eruption has been 
desenbed, widespread petechial hemorrhages have been observed, and 
the dilatation of skin vessels over the face has been compared to the 
appearance in liver cirrhosis Extensive subcutaneous hemorrhages 
and purpura may follow the application of poulPccs and heat 
The plethora and stasis of blood m all of the pcnphenl vessels may 
account for the numerous paresthesias so typical of the disease and 
whidi often present considerable similanty to the sjTnptoms of a like 
nature in primary anemia Thrombosis and phlebitis are very com- 
mon and afford a possible explanation for the rather frequent associa- 
tion of ciythromelalgia (Wemtraud.Zadak, Weber, Frciss, Hollaendcr, 



306 


GEORGE A HARROP, JR. 


Schinilmsky, Turck, Rosengart and numerous others) At times 
gangrene of the foot or hand has been observed and typical Raynaud’s 
syndrome has been described (Halir) The erythromelalgia is usually 
characterized by aggravation in the dependent position, when the 
skin color also deepens to a dark reddish cyanosis, often with edema, 
and with relief on elevation Cold usually affords some relief to these 
cases, heat makes the pam worse Often the erythromelalgia is 
present when no abnormality may be found on palpation of the blood 
vessels or x-ray examination of the affected extremity Often, how- 
ever, a considerable degree of arteriosclerosis is also present The 
relief of pam by therapeutic measures which lower the blood count, 
particularly if a considerable degree of anemia is produced, is often 
striking There are cases, however, in which these measures do not 
afford much relief 

The color of the mucous membranes is usually described as a deep 
raspberry red or like that of inflammation (Naegeh) . Gaisbock thinks 
there is usually a marked difference in the color of the mucous surfaces 
depending on the presence of hard or soft underlying structures 
Schreyer has described the histological changes in the mucous mem- 
branes of the upper respiratory tract m two patients with poly- 
cythemia All of the smaller vessels were distended with blood, which 
had also extruded eveiywhere mto the tissues As is well known, 
epistaxis and bleeding from the gums is common 

The superficial appearance of the eyeballs is often striking A blood 
shot appearance may be present or there may be only a few scattered 
dilated venules The conjunctivae of the lids are often mtensely red, 
suggesting inflammation The eyeground picture is well known 
Engorgement and tortuosity of the vessels with irregularities in width, 
and deep coloration of the retma and occasional papilledema are most 
frequently mentioned (Uhthoflf, Ascher) 

SPLENOMEGALY 

The enlargement of the spleen, which was so much stressed by the 
earher authors is by no means a constant findmg Naegeh estimates 
that it occurs in about three-fourths of all cases The attempt of 
Gaisbock to separate out as a distinct group those cases of polycythe- 
mia without splenomegaly but with hypertension, has been rejected 
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by recent wnters (Morawitz, Naegdi) who feel that most of Gaisbock’s 
cases show evidences of artenosclerosis (Eppinger) , or that they repre- 
sent Vaquez’ Disease assoaated with kidney disorders (Orlowski), 
perhaps secondary to the hypertension of the early stages of granular 
kidney, or associated with essential hypertension without definite 
signs of kidney disease (Parkes Weber), or that they are simply 
examples of polycythemia secondary to artenolar (artenolo-kapillar) 
sclerosis (Mtinzer) Weber thinks the syndrome may represent only 
a phase m the course of hypertension and that the polycythemia 
rubra may later disappear, as in his ated case The size of the spleen 
vanes greatly m individual patients, and at different periods m the 
same patient, often irrespective of treatment Both cysts and in- 
farcts are repotted at autopsy, as well as hemorrhages, pensplemtis, 
and the leucemic infiltrations mentioned elsewhere When treatment 
produces a normal blood count or secondary anemia, or even in the 
absence of treatment, the spleen may so dimmish in size as to be no 
longer palpable (Wemtraud, Lommcl) Considerable variation in 
the amount of enlargement from time to time is a common clinical 
observation Since the majority of patients when first seen have 
already reached their fourth or fifth decade, it seems scarcely to be 
wondered at that hypertension occurs rather frequently among 
patients with this disease 

It is usually supposed that the polycythemia antedates the enlarge- 
ment of the spleen Certainly it is more frequently present than 
splenomegaly in the reports of tliose familial cases to be discussed later 
In Watson Wemyss’ case, however, marked splenomegaly appeared 
before tlie polycytliemia, and other similar instances are reported 
Parkes Weber considered the chief cause of the splenic enlargement to 
be blood engorgement, and in the light of Barcroft’s recent work, this 
seems to be a reasonable explanation Tuberculosis of the spleen 
was early reported, espcaallym the French literature (Collct-Galle- 
xardm, Rcnnen, and others), as the primatj cause of polycjthemia 
rubra, but this theoiy certainl} must be abandoned Wintemitz 
mentions records of blood counts in 26 reported cases of splenic tuber- 
culosis In six of tliese polycythemia was present, but in 1 1 an anemia 
was found It must be admitted howexer that tuberculosis, either 
pulmonary or generalized, has been found in many of the reported 
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autopsies The enlarged spleen in polycythemia rubra vera is usually 
quite firm and smooth and feels not unlike that of myeloid leucemia. 
Pain in the splenic region is very common and tenderness on palpation 
occurs, often more marked after treatment has been instituted The 
presence of a friction rub has been reported by several authors 
Spontaneous rupture of the enlarged and engorged spleen does not 
seem to have occurred m the reported cases 

GASTRO-INTESTINAL SYMPTOMS 

The symptoms referable to the gastro-intestinal tract are very 
prominent in a certain group of cases Either in mild or severe degreee, 
however, they occur in the anamnesis of most patients. Loeper and 
Marchal have emphasized the role that disturbances of the blood 
vascular supply to the abdomen and especially abdominal plethora 
play in their production Feehngs of fullness in the stomach, thirst, 
dyspepsia, gas pains and belching, and especially constipation are 
exceedingly common The gastnc acidity is usually either quite nor- 
mal or somewhat increased (HoUaender), but absence of free acid has 
also been reported (Watson-Wemyss, Hahr and Mahler) Pain, 
tenderness and a feeling of tension in the left hypochondrium are of 
course to be attributed to the enlarged spleen Often this pain 
extends up into the left shoulder or down the left side and left leg 
More serious are the hemorrhages, often massive, which have been 
reported from esophageal varices, stomach and bowels The associa- 
tion of duodenal ulcer with polycythemia has been emphasized (Fried- 
mann), but Bing considers this polycythemia to be secondary, and due 
to vomiting The frequent occurrence of hemorrhages is very impor- 
tant It seems most plausible to consider that these are due to the 
over distension of the vascular system rather than to any hemorrhagic 
diathesis or disturbance of blood clotting 

Massive hemorrhage in this disease is one of the principal causes of 
death Epistaxis, bleedmg from the gums, hematomata, and hemor- 
rhage after slight injuries (as passing a stomach tube), bleeding from 
hemorrhoids, hemothorax (Lutenbaclier), and massive hemorrhage 
from the lungs must be mentioned, as well as vesical, uterine and 
vagmal bleeding, and bleeding from the bowel, often precipitated by 
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diarrhoea Hemorrhage into the peritoneal cavity and into the 
spleen are reported (Hirshfeld), several times with fatalities Fre- 
quently extreme degrees of anemia may thus be produced m a very 
short time and the change in the appearance of the patient is of course 
most striking Regeneration of blood after such exsanguinating 
hemorrhages may be very rapid (one or two million cells per cubic 
millimeter within a week) 

PORTAL THROUnOSIS AND LIVER INJURY 

The occurrence of portal thrombosis was first brought prominently 
into notice by Lommel, who thought that blood stasis, often localized, 
was a definite if not the pnmary cause of polycythemia vera His 
thesis, which has been largely supported in the more recent paper hy 
Kratzeisen, is that there is a certain group of cases which are secon- 
dary to long standing portal thrombosis Other cases have been re- 
ported (Emmerich) Such symptoms of occlusion may last for many 
years — according to Kratzeisen, in one case for twenty-six years 
The question remains as to whether this portal thrombosis is to be 
considered of primary significance, or whether it may be explained 
on the grounds of the well known tendency for all sorts of thromboses 
to occur in this disease A certain proportion of these cases appear 
to end m mcsentenc thrombosis and gangrene of tlie gut, which is not 
so rare a finding at necropsy 

Associated with this question of portal thrombosis is that of the 
occurrence of liver disorders in polycj themia Enlargement of the 
hv er IS of surprisingly frequent occurrence, and a note that it is readily 
palpable or enlarged to an abnormal extent occurs in at least one-half 
of the clinical reports (Brown and GilTen report enlargement in 57 
per cent of the Mayo Clmic cases) Cirrhosis of the liver has been 
reported by TUrck, Lbmmel, Blad, Mosse, Hess and Saxl, Schneider, 
Hamilton and Morse, Chnstian, Lowj' and others) There is no 
doubt that it is a ratlier common terminal event A case of poly- 
cythemia assoaated with hemolytic icterus was observed for eight 
years by Mosse This writer considers that there is a separate group 
with splenomegaly and urobilin icterus At autopsy these cases are 
found to have arrhosis of the liver, engorged spleen and hyperplastic 
bone marrow 
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Damage to the liver as a result of its prolonged distension with blood 
and disturbed circulation, and damage by reason of the excessive 
hemolytic activities are said to account for the production of the 
cirrhosis Hess and Saxl, who report fourteen cases (not all of them 
are quite definite), consider that with the hver disease the normal 
hepatic function in the destruction of hemoglobm is lost Hirschfeld 
considers that these cases may be primarily hemolytic icterus 

Turck feels that the cirrhotic cases should be separated from those of 
true polycythenua vera He thinks that the quantity of the poisoning 
agent maj’" determine the production of such a polycythenua A very 
large amount may instead lead to splenic anemia. Extensive throm- 
bosis m the portal system seems tobe very commonly present when hver 
injury and particularly cirrhosis is found at autopsy. 

NERVOUS Am> PSYCHIC SYMPTOMS 

The nervous and psychic symptoms of the disease, together with the 
disturbances of the special senses are often its first and most strikmg 
manifestations Of these the most prominent are lassitude, headache, 
(occasionally typical migraine), vertigo and giddiness, transitory 
syncope, msomma, weakness, a sensation of fullness in the head, 
numbness and tmghng m the fingers, less often in the feet, burning 
sensations, and extreme sensitiveness to cold They very often bear 
a striking resemblance to the symptoms of mountain sickness, a fact 
to which Osier early drew attention ® Some of the paraesthesias 
are curious abnormalities, as in the woman described by Parkes Weber 
who found that everythmg she touched felt wet Pruntis, usually 
over the extremities, sometimes generalized, is not so rarely seen, 
and may cause the patient very grave (hstress Pains m the upper 
legs and arms may resemble those of neuritis (E, Meyer) or of backache 
or lumbago Gaisbock thinks that rheumatic pams are very common, 
of a bormg character, and may be due in part to the pressure of the 
swollen hjqierplastic bone marrow Bottner has called attention to 
the increased spmal flmd pressure in many cases, as well as the rehef 

® “The torpor, mental and physical, the sensabon of fullness in the head, with headachy 
vertigo and in some cases nausea and vomibng, remind us of the symptoms to nhic 
mountam climbers and aeronauts are subject ” — Osier, W , Am J Med Sa , 1903, cvsvi, 
187 Chronic cyanosis with polycythaemia and enlarged spleen A new chmcal entity' 
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^\hlch lumbar puncture affords many patients from their distressing 
headaches He attributes the pressure to the overfilling of the 
cerebral and spinal blood vfisscis 

The psychic disturbances are exceedingly vaned and often lead 
to a mistaken diagnosis of neurasthenia or of cerebral arteriosclerosis 
Transient loss of memory for even the commonest events of the daily 
routine occur, as in the case of Freund’s who forgot the way to his 
daily work A college teacher that the wnter once had under observa- 
tion would be obliged to stop in the middle of a lecture because he 
had forgotten what he was talking about Tits of emotional disturb- 
ance, somnolence, haliuanations, mental depression, and slurring 
of speech are not uncommon (Jung) Common visual disturbances 
include transitory dimness of vision, or even temporary blmdness, 
scotomata, specks and bnght pomts in front of the field of vision, dip- 
lopia and temporary paralysis of one of the ectrinsic ej e muscles 
Ringmg and roanng in the ears is exceedingly common Meniere’s 
syndrome has been reported several times Schreyer attributes its 
occurrence to the distention and congestion of the vessels of the middle 
car In the apoplectiform cases he states that there is bleeding into 
the labynnth The most serious complications of tlie disease, cere- 
bral vascular lesions, frequently hemiplegias, are usually considered 
to be due to thrombosis because of the slowness of development of the 
paralysis and of the findings at autopsy Cerebral hemorrhage how- 
ever plaj's a most important rOlc Zadak reports a case m which a 
fatal cerebral bleeduig was the first known symptom of the disease, 
and another similar case has recently been obsen'cd by the writer 
Umney’s case of chorea wluch appeared prior to extensive thromboses 
over the entire body is very interesting Other cases of cliorca, 
reported by Bordadin and b> Pollack, seem to have been due to 
organic cerebral diangcs, hemorrhage or thrombosis Botli spon- 
taneously improved, apparently without anj direct relation to changes 
in tlic blood count 

Christian has drawn attention to the interesting superficial parallel 
between the sensorj' s>mptoms of polycj tliemia and those of pernicious 
anemia So far as w c arc aware, anatomical evidences of similar cord 
changes have not been found at autopsj' in polycythemia hlanj 
writers lay stress on the r61e of poljcvtlicmia in many obscure ncuro- 
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logical diagnostic problems To mention only a few, it has been held 
responsible for the symptoms of cortical miliary hemorrhages, multiple 
arterial or venous thromboses, false tumors with choked disks, muscu- 
lar twitchings of obscure origm, epileptiform attacks, and all sorts of 
attacks of temporary loss of consciousness with or without paralysis 

BLOOD AND BLOOD EORMING ORGANS 

Of the two pathological changes regularly seen in polycythemia vera, 
that of primary etiological importance seems to be the extensive 
hyperplasia and prohferation of the red bone marrow Detailed 
descriptions of the gross and microscopic appearance of the bone 
marrow have been made from material removed during life (Watson 
Wemyss) as well as frotn that obtained at autopsy Zadak considers 
that bone marrow pimcture ^n vtvo (sternum) is of considerable diag- 
nostic importance in doubtful cases Enormous numbers of mature 
erythrocytes as well as normoblasts are present Megaloblasts are 
rare. The white cells are also enormously increased m numbers with 
many myelocytes. Neutrophihc leucocytes are said to be propor- 
tionately diminished, eosinophils are prominent The magakaryo- 
cytes are often increased No essential differences in the picture m 
autopsy material are reported Hirshfeld’s descnption is typical. 
There was widespread conversion of the fatty marrow mto red marrow 
in all of the bones and the blood spaces were crowded with erythro- 
cytes He found all varieties of leucocytes also present and concluded 
that so far as the proportion of this type of cell was concerned, the 
hyperplastic marrow did not differ much from normal red marrow. 
The stimulus to proliferation appeared to affect all the elements to 
about the same degree. Differential counts of bone marrow material 
made accordmg to the technique elaborated by Sabm and her pupils 
would be of the very greatest interest and importance It may be 
asked why the mature polynuclear cells as well as their unnpe forms 
do not commonly appear in corresponding numbers m the circulating 
blood As will be indicated later, a certain increase in these elements 
does indeed seem to occur very frequently. The situation presents 
some slight analogy to that of primary anemia where an increased new 
leucocyte formation does occur along with the increased erythropoiesis, 
but it is not regularly reflected in the circulating blood It seems very 
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likely that the physical conditions governing the discharge of the new 
erythrocyte elements from their site of ongin in the marrow differ 
from those regulating the discharge of the new white cell forms 
(Sabin) 

The enormous mcrease in the concentration of erythrocytes per umt 
of volume, as well as the tremendous increase in the total blood volume 
throughout all of the tissues of the body seems to be a direct conse- 
quence of the bone marrow hyperplasia The blood count in polycy- 
themia vera may vary from a comparatively slight increase above the 
normal up to thirteen or fourteen millions The case reported by 
Jedwabmk, (with twenty millions), (Inaug Diss , Berlin, 1913, men- 
tioned by Hirshfeld) seems almost incredible The count varies appre- 
aably from day to day Hirshfeld, as well as Gaisbock, considers 
that simultaneous determinations of the blood count from venous and 
arterial blood show in general no marked differences Such is also 
the conclusion of the writer, both from erythrocyte counts and from 
estimations of the oxygen capaaty, both in polycythemia vera and in 
the polycythemias of chronic cardiac and pulmonary disease Differ- 
ences occur, but they arc in general neither constant nor characteristic 
Fitz believes the red cell count in the secondary polycythemias is lower 
in the arterial blood 

No characteristic qualitative differences have been found in the 
properties of the hemoglobin of polyc>themic blood Thus Butter- 
field found normal relations to exist between iron content, gas binding 
properties, and spectrophotometne behavior A recent study by 
Bauer, Lawronsky and Skujm claims to show that with increased 
hemoglobin content of blood there exists, in general, a lessened 
ox>gen saturation 

Of the physical properties of the blood, the increased viscosity 
probably stands first in physiological significance It is stated that 
It may be five to eight times greater than in normal blood It is 
primarily due to the great excess of red blood cells over plasma 
The viscosity of the serum, mdeed, is said to be less than normally 
found in health (Lommel) The size and shape of tlie erythrocytes 
in general and the cell diameter is said to be normal (Gutzcit and 
Lommel) The writer has found no difference in the respiratory 
metabolism of the ery throcy tes or in their glycolytic behavior as com- 
pared w ith normal human blood (unpublished results) Anisocy to- 
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SIS, microcytosis and polychromasia, as well as normoblastosis and 
less frequently megaloblastosis, however, are often found (Harder, 
Senator, Lommel, Tancre, and many others) Very large increases 
in the reticulocytes (unless after severe hemorrhages) are unusual 
The fact that i mm ature cells and reticulocytes are usually present in 
comparatively small numbers in polycythemia vera may be an 
indication that a balance has been reached between the h 3 q)erplastic 
marrow and the arculatmg blood, just as occurs m the reaction to high 
altitudes, as Drinker pomted out m commenting on Forbes’ results at 
Cerro de Pasco During the process of acchmitization increased 
reticulocyte counts were found, but m natives, whose cell count might 
be eight million or more, no noteworthy increases over the normal 
reticulocyte concentrations were noted An increase in the erythro- 
cyte count relative to the hemoglobin is practically a constant findmg 
in polycythemia vera, so that the color index is always less than 1 
It is generally conceded that a considerable leucocytosis is very com- 
mon and the differential count often shows an increased percentage 
of polymorphonuclear cells (75 to 85 per cent or even higher) Many 
cases have counts between 15,000 and 25,000, and not a few cases are 
on record in which a leucocytosis of from 25,000 to 40,000 is reported 
The blood platelets are normal m number or they may be somewhat 
mcreased (Turck Zadak) According to Ludin and Herrnheiser 
the fibrinogen content of the plasma is diminished Naegeh cites 
several authors to the effect that the serum albumin is reduced One 
of our cases, before treatment, showed normal values for the serum 
proteins 

Regardmg a number of constituents of the blood the reported anal- 
yses are so conflictmg as to give the impression that no charactenstic 
or markedly abnormal findmg probably occurs These mclude the 
concentration of cholesterol, total serum proteins (said to be dirmn- 
ished by Senator), the serum globulm-albuimn ratio, the blood fats, 
serum bihrubm, the concentrations of the various inorganic anions and 
cations in the serum,® and the vanous non-protein nitrogen con- 
stituents 

In a paper read at the meeting of the American Society for Chmcal Investi^tion 
(May 1928), Brown reported an increase m the serum calaum m cases of polycythemia 
vera, which dimimshed with phenylhydrazme treatment He believes this to be o sig 
mficance in relation to the known tendency to vascular thrombosis 
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The evidence concerning the time of blood clotting in polycythemia 
vera is somewhat conflicting The majority of publications state that 
the blood dots with abnormal rapidity This abnormal tendency to 
clotting, together with the slowing of the blood flow and temporary 
stasis in many areas then furnishes an eirplanation of the frequency of 
thrombus formation But against this assumption is the frequent 
occurrence of hemorrhages It is not impossible that variability in 
the tendency to blood clotting may occur with different phases of the 
disease in the same patient Slow retraction of the clot and slow 
clotting in vitro have been observed by several writers The bleeding 
time is variously stated to be normal or somewhat delayed 
The volume of blood in erythremia as measured by both the dye and 
carbon monoxide methods appears to be greatly augmented, a fact 
which IS in close agreement witli clinical observation and the findings 
at autopsy Among others, it has been noted by Haldane and Boy- 
cott, Morawitz and Sicbeck, von Bergman and Plesch, Bock, Lampc, 
Scyderhelm, and Brown and Giffen Most authors consider the in- 
crease due to an increased volume of the red cells, the volume of the 
plasma remaining unchanged Beltz and Kaufmann, however, have 
reported a diminution in the plasma volume The increased density 
of the x-ray shadow of the bronchial vessels has also been evidenced 
by Rover in support of an increased blood volume The blood volume 
may be increased according to some of these reports to twice or even 
three times the normal value Berger, usmg the trypan red method, 
has recently reported a case with a blood volume of over ten liters, or 
about 17 6 per cent of the body weight There is not only an enormous 
increase m blood m the organs in general but the smaller vessels of the 
pia mater of the brain and cord are engorged and distended w ith blood 
Studies of the skin capillaries by direct observation have been made 
by Brown and Giffen (1923, 1926) Tliey report a distention and 
enlargement of part or of all of Uic capillary loops, particularly of the 
venous segments, and the opening up of all available \ essels The 
blood flow was mudi retarded Tlic observations of Koenigsfdd 
(mentioned by Engelking), as well ns those of Hismger-J.igerskibld 
confirm these findings The remarkable abihlj of veins and capillaries 
to store an cnormouslj increased blood volume under expenmental 
conditions has been pointed out b> Meek and Ejster They found 
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that 30 or even 100 per cent of the original volume may be added to 
the circulation without producing cardiac dilatation Brown and 
Giffen pomt out that additional vascular space is made in the skin 
vessels at the expense of a loss or impairment of the physiological 
heat mechanism They attribute to this many of the sensory symp- 
toms such as intolerance to heat and cold, and the burning sensations 
of which many patients complain 

Because of the accumulated evidence that the spleen plays a role in 
blood destruction, it has been assumed that its enlargement in poly- 
cythemia vera may be associated with an increased amount of blood 
destruction The dinunution in the size of the spleen which often 
occurs after the lowenng of the erythrocyte count and hemoglobin 
during treatment with phenyl hydrazine and radiation has already 
been mentioned This may be preceded by a temporary increase in 
size during the period of increased blood destruction The whole 
matter is bound up not only with the very obscure role of the spleen 
in blood destruction but probably also with its other and better 
understood function as a storehouse for red blood cells 

Marked variations are said to occur in the fragility of the cells m 
saline solution. Minot and Buckman observed an increased resist- 
ance range, an increased hemolysis (fragility), complete hemolysis at 
a NaCl concentration definitely below the lower normal limit, and a 
“tnckling effect ” These authors also discuss the response of the 
cells to serum dilutions They conclude that such behavior indicates 
an active hyperplastic marrow, with cells of many ages, particularly 
immature cells, in the circulation ' 

An increased output of urobihn has been observed at times during 
the course of the disease (Minot and Buckman) and a shght excess of 
bile pigments is occasionally observed These are, however, by no 
means constant findings Naegeli, for example, states that no increase 
occurs in the urobilin output Hahr and Mahler in a recent article 
MiinV it is reduced The large and inconclusive literature on this 
question is reviewed m the various monographs Increased amounts 
of bilirubm in the blood (van den Burgh reaction) have been reported 
m a number of cases (Zadak) We have found no significant in- 
crease in our untreated cases As regards the general question of 
blood destruction m polycytheima vera, one must conclude that 
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although m some instances, and perhaps from tune to tune m every 
patient, there may he indications of a temporary increase, this 
phenomenon has not been demonstrated to be either a regular or a 
characteristic accompaniment of the untreated disease All of the 
present day evidence goes to show that alterations in blood destruction 
can have but slight direct mfluence upon the polycythemia 

POLYCYTHEMIA RUBRA AND MYELOID lEUCEHIA 

A considerable number of typical cases of polycythemia rubra have 
now been reported in which anemia of greater or less seventy has 
developed durmg the course of the disease and the clinical picture 
and the appearance of the blood has come to resemble that of myeloid 
leucemia When death has occurred the appearance at autopsy has 
often borne out this clinical likeness Blumenthal’s frequently-ated 
case with a leucocyte count of 16,300 had 36 per cent of neutrophilic 
myelocytes, 9 per cent were “mast cells,” and the erythrocyte count 
was 114 millions Numerous other observations have been reported, 
among which maybe mentioned those of Bnegcr and Forsdibach (who 
give a bnef review of the literature on the occurrence of marked leu- 
cocytosis in erythremia), von Wmterfeld, Pendergrass, Hcdenius, 
Rosin, Encli Meyer, Hirschfeld, Zypkm, Jung, Daniels and v 
Buchem, and finally the important study of Minot and Buckman 
These latter authors consider pol>cythcmia to be comparable to 
chronic myelogenous leucemia and believe that there is much evidence 
that both are neoplasms of the hemopoietic tissue They believe that 
abnormal forms are almost constantly present among the red cells m 
the circulating blood in erythremia, and in most instances immature 
cells may bo found The abnormalities in the blood picture consist in 
unevenness of depth of staining, occasional polychromatophilia, often 
achromia, and at times the occurrence of macrocytes, microcytes, and 
erythroblasts 

Reticulated cells, they find, may actually be decreased in numbers as 
also maj occur at the height of a remission in pnmary anemia, while 
an increased white cell count is almost constantly found and a few, 
occasionally man> , immature white cells may be present in die circula- 
tion Thej draw attention to the fact that the platelet elements may 
also become involved, as in mydoid leucemia, the number maj m- 
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crease in the blood stream and megacaryocyte nuclei may enter the 
circulation Three of Minot's cases out of the fifteen reported devel- 
oped an anemia which suggested primary anemia m the penpheral 
erythrocyte picture, while the white cell picture was compaUble with 
that of myelogenous leucemia Autopsy in one case revealed a spleen 
weighing 3200 grams which showed remarkable myeloid transforma- 
tion, and the hver also appeared leucemic In Brieger and Forsch- 
bach’s case, an acute myeloblastic leucemia followed a period of x-ray 
therapy, but after an interval of four months Curious leucemia-like 
blood pictures have been observed by Rencki and by Schneider 
after splenectomy, and by Hirshfeld after radiation of the spleen On 
the other hand, true polycythemia is reported after splenectomy 
necessitated by traumatic rupture of the organ 
Polycythemia has also been reported as developing in cases of typical 
leucerma, the reverse sequence of events, notably by Ghiron and by 
Winter. The former observed during the course of typical myeloid 
leucemia an increase in the erythrocyte count to 7 2 millions and at the 
same time a marked erythema of the face Turck believes myelo- 
cytes are very commonly present m the circulating blood, as do many 
writers, and he emphasizes his behef that the disease is completely 
analogous to myeloid leucemia Naegeli states that myelocytes are 
frequently to be found m the circulating blood and that eosmophils 
are often mcreased in absolute numbers Nevertheless he rejects the 
theory that a combination of leucemia and of polycythemia occurs 
All of these cases he considers to be myeloses with an initial high 
erythrocyte count. The termmation of polycythemia in the chnical 
picture of pernicious or of aplastic anemia, but without the typical 
high color mdex, is noted also by Freund and by Hirschfeld A case 
of so-called “total leucemia" is descnbed by de Gughehno, in which 
erythrocytes (7.5 miUions), leucocytes and platelets were all mcreased 
and their immature forms all present in the circulatmg blood In 
Parnsius’ case, the blood picture seemed to show the simultaneous 
occurrence of polycythemia and leucerma Cases of typical poly- 
cythemia with relatives suffenng from leucemia are reported by Gut- 
zeit (case I) and by Guggenheimer The latter’s patient was a young 
woman of twenty-mne Her symptoms of polycytherma dated from 
the time when she acted as blood donor for her mother, who had 
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leucemia The effect of too severe or too prolonged x-ray treatment 
IS reported by Detre, m whose patient after radiation at intervals 
dunng two years the erythrocytes fell to 720,000, with almost no 
platelets and only 3000 white cells Schmidt reports a similar case 
where the initial erythrocyte count was 13,800,000 After a series of 
deep x-ray treatments, death occurred, from an intercurrent infection, 
and autopsy showed the bone marrow almost entirely fatty All of 
such cases seem to be the results of excessive radiation and not pecuhar 
to polycythemia 

The question arises as to the true explanation of theanerma, and the 
aplasia which seems to have been the terminal event in many cases 
The most plausible hypothesis is that after many years of excessive 
erythroblastic stimulation and hyperfunction m this chronic affection, 
the blood forimng mechanism at last gives away under the strain and 
a disorderly proliferation of all types of leucoblastic elements occurs 
just as in leuceima The intensive treatment which many patients 
now receive, whether radiation, benzol, repeated venesection, or 
phenyl hydrazine, no doubt may be responsible at least in part for 
these findings and for the bone marrow aplasia in some of the reported 
cases 

The staking thing, in the opinion of the wnter, is that ev en the most 
carefully reported studies only serve to demonstrate the exceptional 
occurrence of blood cell abnormaUtics in the disease as a whole and the 
fact that from both a physiological and morphological point of view 
the cells are in the mam quite normal On the other hand, tlie disease 
polycythemia rubra when viewed stnctly from its clinical aspects 
bears little analogy to leucemia Indeed, if it must be compared to 
another blood disease both in symptoms and in clinical course, that 
disease is pnmary anenua It is essentially a long standing chronic 
malady There is httle question that in the majority of cases it is 
present over a very long pcnod of years before its presence is discovered 
or the patient comes to the physiaan for relief Tar from running 
the ordinary progressive course of leuceima, it tends to remissions over 
long periods If the patient escapes becoming a victim to the more 
senous comphcations — tlie tendency to hemorrhage and thrombosis, 
and the increased sensitiv cncss to intercurrcnt infections — the disease 
appears to hav e an indefimlc course A number of cases essentially 
undiangcd have been observed for periods of ten to fifteen years 



320 


GEORGE A .HARROP, JR 


PHYSIOLOGICAL STUDIES IN POLYCYTHEMIA VERA 

A moderately increased basal metabolism in tbe majority of patients 
with polycythemia vera, which does not seem to be directly related to 
the degree of erythrocyte or hemoglobin increase in the peripheral 
blood has been reported by many authors Abbott, Isaacs, Mmot and 
Buckman, Brown and Giffin, and others have recently reported obser- 
vations not mentioned in earher reviews. To these cases the author 
can add the observation of an increased metabolic rate in fifteen cases 
at the Johns Hopkins Hospital, ranging between -f 4 and -{-52, A re- 
duction in the basal metabohc rate may follow reduction in the degree 
of polycythemia by means of therapeutic measures (phenyl hydrazme, 
radiation), but this is not invariable. Polycythemia complicated by 
hjTperthyroidism has been reported by Tjorell, but msufScient data 
are published to give one confidence as to the diagnosis m this case. 
Zadak’s well studied case, however, is of great interest Obviously 
it is a rare complication. In this connection it may be proper to 
state that there are many suggestions in the hterature, but no evi- 
dence, that polycythemia may be a purely endocrine disorder It has 
been described in association with proven Addison’s disease (Rom- 
berg), tetany, and eunuchoid obesity, as well as hyperthyroidism 
There is indeed some evidence that the thyroid gland may be con- 
cerned in some way with the regulation of erythropoiesis Mansfeld 
claims to have produced polycythemia (up to eight million cells) in 
dogs and rabbits by the mj'ection of thyroid juice. The association 
of anemia with myxoedema is well known, 

A diminished circulatory minute volume (recumbent position, 
fasting) has been reported by Liljestrand (see also von Bergmann and 
Plesch). It has also been observed by the writer (unpubhshed 
experiments) The slowed blood flow was accelerated by the reduc- 
tion of the blood cell volume produced by radiation and phenyl hydra- 
zine treatment 

Tn polycythemia, as was clearly shown by Lundsgaard, there is a 
lowered coefficient of oxygen utihzation. This is of especial mterest 
in view of the lessened blood flow, which in blood of normal oxygen 
carrying capacity would be expected to produce a change m the oppo 
site direction The oxygen saturation of the artenal blood is usually 
normal, or at least at the lower hmits of normal In three cases, 
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was long ago shown by Osier, and it is noteworthy that the pulmonary 
gas diffusion constant is also diminished in persons who suffer from 
mountam sickness, to an extent which is approximately proportional to 
the seventy of their symptoms ’ 

An improvement foUowmg the use of oxygen inhalations m patients 
with polycythemia vera has been claimed by v. Eforanyi and Bence 
The red blood cell count was reduced and the blood viscosity lowered. 
Other authors have been unable to confirm this observation, and this 
method of treatment has been generally disregarded, although Gutzeit 
has found it of value in conjunction with x-ray. The writer has found 
no change whatever in blood count or oxygen capacity following the 
inhalation of pure oxygen for a penod of three hours m a case of poly- 
cythemia, and Bmger was unable to produce significant changes after 
several days’ residence in an oxygen chamber (40 per cent oxygen) at 
normal barometric pressure ® Parkes Weber mentions an unpubhshed 
case of E P Poulton’s m which residence in an oxygen chamber had 
no marked effect Winter also tried the effect of placmg his patient 
in a compressed air chamber without effecting any change m the 
erythrocyte count 

Nearly all writers are agreed that splenectomy in this disease is 
absolutely contramdicated Brieger and Forschbach observed a 


Professor Carlos Monge of the Facultad de Medicine, Lima, Peru, has informed me 
(personal communicauon), that during the course of an expedition last year to Oroya and 
Morococha, m the high Andes, he found a large number of cases of true polycythemia with 
charactenstic physical signs and symptoms He has demonstrated the existence of cases 
of prolonged soroche (mountam sickness), as well as rmld cases of more or less “benign 
erj'thremia, which he considers to be an mtermediaiy stage between soroche and severe 
typical erythremia These intermediate cases wore found among all groups studied- 
comparative newcomers, residents of several years, and even among the natives This 
important study for the first time mdicates that true tj^iical polycythemia may be pro- 
duced as a result and direct sequence of mountam sickness, and may be caused by the same 
stimulus, low oxj^gen tension It is the outcome of an earher investigation transnutted to 
the Academia de hledicma de Luna m 1923 In this commumcation he reported a severe 
case of polycythemia vera apparently due to hfe at high altitudes, and suggested the 
possibihty of the prevalence of the disease m those regions 

Sir Humphrey Rolleston has kindly drawn my attention to the case reported recently 
by Barnes Thomson and Lamb in which a diffuse infiltration of the pulmonary alveo ar 
walls by tumor tissue took place, undoubtedly unpeding gas diffusion to an extreme de- 
gree and producing a marked polycythemia 
* Personal commumcation 
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severe case of erythremia for thirteen years, the onset of which defi- 
nitely followed the removal of a spleen necessitated by traumatic 
rupture The case reported by Sauer is very striking In Oiis case 
death followed splenectomy after the erythrocyte count has nsen from 
SIX and one-half million to twelve million cells At section evidences 
of portal thrombosis were found Ejatzeisen’s case is somewhat 
similar The spleen, removed at operation, showed multiple infarc- 
tion and thrombosis of the splenic vein Deatli occurred six months 
after operation and portal and mesentcnc thromboses were found at 
autopsy with intestinal gangrene Comminotti, Rencki, and Blad 
also report fatalities The development of leucemic-like conditions 
has been mentioned above, as a sequal to removal of the spleen 
The use of venesection is practically always attended by immediate 
sub;ective improvement According to Border small venesections 
are msulEcient, at least 500 cc must be removed The loss of blood 
at parturition has had a favorable influence (Paulicek) Unfortu- 
nately in a large number of cases venesection appears to act as a 
further stunulant to the bone marrow and return to the original ery- 
throcyte level in the peripheral blood may be very rapid The author 
has observed the blood count in a case after a large bowel hemorrhage 
rise from 3 S million to 6 8 million in the course of a week Guggen- 
heimer’s patient, who commenced to have sjunploms of polycythemia 
\era shortly after giving a large amount of blood for a transfusion has 
already been mentioned 

Drinker points out that there are two ways of producing “normal” 
marrow proliferation by blood loss and by means of low oxygen 
tension He states that if animals are bled small amounts repeatedly, 
although normoblasts arc to be found occasionallj m the blood it is 
possible by keeping the blood withdrawal low to induce a high degree 
of marrow hyperplasia without the appearance of any considerable 
number of nucleated red cells in the circulating blood This is analo- 
gous to the usual state of affairs in polycythemia On the other hand, 
if the hemorrhages are large, both normoblasts and megaloblasts may 
be found iii the blood stream One must conclude that while venesec- 
tion IS an important and useful relief in emergency m the treatment of 
these patients, it cannot be looked upon m ana other light than as a 
further, and therefore undesirable stimulant to new blood formation 

The frequent appearance of polyty themia follomng an infectious 



324 


GEORGE A HARROP, JR 


disease is stressed by Gutzeit, who feels that such an event in some 
way destroys the balance regulating erythrocyte production. One 
can recall the interesting sequence of events in Freund's case where 
splenectomy and pneumonia were both complicating factors The 
role of infection is also emphasized by Wemtraud and by Gaisbock. 
Benda finds a parallel increase of erythrocyte count and cholesterin 
concentration in gravid women Many authors are impressed with the 
lower resistance of these patients to all sorts of infections. 

The question of how frequently cardiac hypertrophy, or a mild grade 
of cardiac insufficiency occurs is not settled Certam wnters lay 
great stress on the usual absence of cardiac changes in the uncompli- 
cated disease, but both are nevertheless frequently reported In eight 
cases studied by Hollander the size of the heart as measured from the 
x-ray shadow was quite normal even with increased blood pressure. 
The series reported from the Mayo Clinic (Brown and Giffin), and 
many others emphasize the frequent absence of cardiac enlargement, 
Del Baere considers that it takes less blood to supply the tissues with 
sufficient oxygen, hence there is less cardiac work in spite of increased 
viscosity or even hypertension in polycythemia On this line of 
argument, Parkes Weber considers polycythemia a favorable sign in 
persons with high blood pressure It seems quite clear that the 
extraordinary increases m blood volume which these patients show 
may occur with a cardiac mechanism which shows no anatomical 
changes over long periods and no appreciable physiological strain. On 
the other hand, hypertension, if present before treatment, may per- 
sist even when the blood volume is greatly reduced, although some 
relief is not unusual Some wnters however lay stress on the occur- 
rence of cardiac symptoms late in the disease, the heart eventually 
giving away, although for years no inj'urious effect had been previously 
felt For instance Bottner, m a recent article recognizes three 
stages (1) an early stage only detected from the blood picture, (2) an 
intermediate stage with outspoken symptoms of tjqiical character, 
and (3) an end stage with venous stasis and cardiac decompensation 
Some writers would discard as cases of secondary polycythemia all of 
those with cardiac symptoms This seems to be an unwarranted 
standpoint Final death from cardiac failure is common in patients 
who escape the fatal effect of massive hemorrhages or other vascular 
accidents 
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POLYCYTHEMIA AS A CONSTITUTIONAL OR FAMILIAL DISEASE 

An important recent development in the study of the etiology of 
polycytheima vera is the evidence which is accumulatmg of its occur- 
rence as a constitutional or famihal disease Curshmann claims to 
have been the first to stress this constitutional factor He descnbes 
three families in which several persons suffered from the disease and 
argues that many members of such families may never have the 
severe progressive disease of Vaquez, but only possess a high color and 
symptoms not severe enough to require medical assistance They go 
through life with such an “erythreimc constitution” and m old age may 
die of intercurrent infections Engelking descnbes aremarkable family 
in which five children (two brothers and three sisters) as well as the 
mother and grandmother, certainly seem to have had typical symptoms 
of polycythemia vera with outspoken blood changes The members of 
this group considered that “verfrorenes blul” was a family character- 
istic In several members the spleen was much enlarged and a rather 
well marked infantile habitus was noted Engelking regards the 
eyeground changes as tyqncal and quite distinguishable from those of 
the polycythemia of congenital heart disease, although this opinion is 
not shared by others He thinks the cause of the disease is probably 
alack of balance in the hormonal control of the hematopoietic sjstem, 
a conjecture which Naegeh also considers possible Hedenius 
regards it as cssentiall> due to a constitutional insufficiency of the 
endocrine balance Wicland publishes an account of a faimly in 
which the disease apparently occurred in three generations He had 
an opportunity to study the mother and five living children, four of 
whom had definite evidences of the disease None had h>’pcrtension, 
or a palpable liver or spleen Signorelli reports the occurrence of 
polycythemia in two sisters Herz describes the disease as an in- 
herited affection in thirteen cases belonging to four different family 
groups under his observation Another familj ivith three affected 
children is described by Kretschmer Stoy e’s case in a three year old 
child was assoaated with constitutional obcsitj and gigantism Doll 
and Rotschild report polycythemia in two sisters of a family, four 
of whose members had Huntington’s diorea The probability of 
Its occurrence in tlie mother as well as the brother of Owen’s patient 
may be recalled, although the evidence presented was not quite con- 
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elusive. Gutzeit’s case (no 4) , a youth of nineteen had a mother and 
two sisters with evidences of the disease, although none had ever 
consulted a physician Tancre's remarkable case with the erythro- 
cyte count of 14 2 million, 178 per cent hemoglobin and 18,300 leuco- 
cytes had a sister with a red cell count of 6 1 million, but no symptoms. 
Nichamin’s patient, a girl of twenty, had been known to have a palp- 
able spleen smee early childhood, and had a sister m which the same 
finding was noted The mother as well as the patient and her sister 
had deep red skm color. Zadak mentions a family in which two 
sisters were affected 

The slow insidious onset of the symptoms of this malady and the fact 
that it is preeminently a disease (or, better stated, it becomes a disease) 
of middle and late middle life, constitute two of its most striking fea- 
tures It is certain that the polycythemia and the splenomegaly, as 
well as the characteristic skin color have existed for years m many 
patients before their symptoms finally send them to a physician. 
Mo ewes’ case, a young man of twenty- three (whose mother also 
apparently suffered from the disease) and who appeared for relief on 
purely cosmetic grounds, havmg noticed the dark red color of his face 
for a period of three years, furnishes a good illustration of this point 
When first seen this patient was entirely devoid of any other subjective 
symptoms, although he was obviously suffering from typical and full 
blown polycythemia vera This case, which is reported with detailed 
pathological findings, is an example of the tennmation of erythremia 
in chronic nephritis (parenchymatous) with uremia, although the 
question of the relation of benzol therapy to the outcome is an open 
one in this particular case 

The tennmation in chronic nephritis is not unco mm on, particularly 
in the group with hypertension and arteriosclerosis Curshmann and 
Gaisbock mention the frequent occurrence of chronic kidney disease, 
while Munzer, and Dietl and Fntz, suggest that arteriosclerosis is 
actually a cause of polycythemia vera Turck and Rosengart beheve 
that the albuminuna which is so commonly found is due to blood stasis 
in the kidneys The mterestmg association with orthostatic albu- 
mmuria has been desenbed by Weber, and bj’’ Hermheiser The 
associated paroxysmal hemoglobinuria reported by Pel would seem 
most likely a phenomenon secondary to the polycythemia itself 
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TREATMENT OF POLTCTTHEJIIA 

A very large number of therapeutic measures have been employed 
m the treatment of polycythemia vera, most of which have proven to 
be useless The use of oxygen therapy and of venesection has been 
mentioned above, as well as the contraindication to splenectomy 
Employment of an iron free diet, suggested by Ehrlich, has had no 
effect It is a mistake, with our present knowledge, to make these 
patients unhappy with ill considered dietary restrictions The 
use of agents to produce blood destruction (and apparently a de- 
pression of bone marrow activity) has been chiefly limited to the 
employment of benzol, introduced by Koranyi, and of phenyl hydra- 
zine, which was introduced by Eppmger and Kloss m 1918 Although 
a number of enthusiastic reports appeared some years ago on Uie use 
of benzol, its employment has now fallen into disuse The effect of 
the drug on the white cells, the difficulties met with in regulating its 
dosage, and the extremely serious and distressing results of benzol 
poisomng have combined to cause its abandonment at the present 
time m favor of phenyl hydrazine 
A number of papers have appeared reporting clinical experiences 
with tlie latter drug Those enthusiastic for its use have reported no 
evidences of liver injury, although the occurrence of jaundice is not 
very uncommon in the course of treatment The drug is usually giv en 
in courses, varying from one gram to six or eight grams over a penod 
of several days Evidences of blood destruction commence earlj , an 
increase of serum bilirubin (indirect Van den Bergh) often being noted 
after the second dose (0 2 gram) The effect continues to be observed 
for seven to ten days after it is discontinued, a drop of as much as a 
million or more erythrocytes often still taking place Onen noted 
the occurrence of leucocytosis early in tlie treatment and suggested 
that this leucocytosis might serve as an index of the amount of the 
drug required This m general seems to have been borne out in our 
subsequent cases There is an increase in the reticulocyte count 
The change in the blood platelets has not been a cry striking The 
serum bilirubin curve seems to bear some relation to Uie blood 
destruction Long has pointed out the appearance of methemo- 
globinemia Slight icterus dunng treatment seems to haac been 
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common m the cases studied at the Mayo Chnic The increased blood 
volume characteristic of the disease is said to diminish durmg the 
treatment coincident with the erythrocyte destruction and is mani- 
fested in a diminution in the cell volume (Brown and Giffin) These 
observers found no evidence of hepatic damage with therapeutic doses. 
Levi however thinks that phenyl hydrazine increases the damage to 
the hver if injury is already present The symptoms observed during 
the course of treatment are usually mild but may include gastro- 
intestinal disturbances and particularly nausea and vomiting An- 
orexia is the rule as well as general weakness during the period of 
rapid blood destruction There is often weU marked tenderness over 
the spleen which may become still more enlarged durmg the earliest 
stage of treatment Hematuria and shght hematemesis have been 
reported (splenic and renal infarcts?) The appearance of very dark 
urine, especially on standing, is well known The unne usually con- 
tains a reducing body. Infarctions of the basilic vein and of a super- 
ficial leg vein have also been noted Since thrombosis is common in 
untreated polycythemia one cannot be certain that phenyl hydrazine 
was responsible in these instances 
The relief afforded from a reduction in the erythrocytosis, and as it 
seems, from a reduction in the blood volume produced by any of the 
therapeutic procedures which have been employed is usually very 
striking and affords evidence of the fact that most of the symptoms of 
this disease are directly referable to the disturbed circulatory mecha- 
nism The vertigo, fullness in the head, headaches, neuritis, eye 
symptoms, tmnitus, weakness and mental symptoms, are usually 
greatly reheved when sufficient doses are given to lower the count 
to normal or even to produce some secondary anerma Pain m the 
muscles, bones and j'omts is usually markedly lessened This is 
especially noticeable in those cases of pam in the legs with calafication 
of the arteries It is an interesting fact that the reduction m the 
blood volume does not always reduce hypertension, if it has existed 
This may be correlated with the common observation that there is 
usually little or no cardiac hypertrophy visible in cases of polycy- 
themia without hypertension 

A decided elevation of the blood urea and non protein nitrogen an 
a shght elevation in the creatimne have been reported during phenyl 
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hydrazine treatment, apparently correlated with the degree of cellular 
destruction There were no changes m the blood unc acid The 
ammo acid nitrogen, which is said to be mcreased in the blood m 
polycythemia, falls to normal with treatment The tests for liver 
function showed no evidence of liver impairment m Huffman’s cases 
with phenyl hydrazine therapy Evidences of temporary renal 
insufficiency were noted m one case (functional tests) No alterations 
in the basal metabohsm followed treatment m his series 

The acquirement of “tolerance” to the drug upon repeated injection 
has been noted in animals and it is also present in patients (Taschen- 
berg) One of the author’s cases m which a reduction of the erythro- 
cyte count from 9 5 million to normal was at first produced with one 
course of 2 0 grams has subsequently failed entirely to respond after 
a course totalling 9 5 grams Altnow and Carey report the presence 
of fairly large numbers of nucleated red blood cells and 8 4 per cent of 
reticulocytes on the twelfth and thirteenth day of phenyl hydrazine 
treatment A case reported by Long had 46 per cent of reticulocytes 
and the red cells sank to 1 S million necessitating transfusion Long 
has produced an increase m reticulocytes up to 60 per cent in rabbits 
with this drug 

The use of radiation (both roentgen ray and radium) m the treatment 
of polycythemia has been the subject of many articles, only a few of 
which may be mentioned here The opinions of the writers betray 
all shades of enthusiasm, from the report of Schoning who treated three 
cases in Lommel’s clinic with the result tliat they were “clinically 
cured,” to those who attribute the death of tlieir patients to tlie 
effects of \ ray The long bones have been the favorite site of "c-ray 
treatment, together with sternum and ribs Naegeli considers radia- 
tion of the spleen useless, and Hirshfeld has reported the onset of 
myeloid leucemia as a consequence It is supposed to be theoretically 
contraindicated for tlic same reason as splenectomif because remov^ 
of Its physiological effect should act as a bone marrow stimulant 
Bneger and Torschbach’s case may also have been due to the use of 
X raj On the other hand, Dumam has recently had cases, three of 
which have been obsened b> the wnter, where the blood count has 
been lowered md great clinical improicment has apparently been 
produced by the use of radiaUon over tlic spleen ITic first effect 
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in the cases which I have observed has been an increase in the size o 
the spleen and an increased erythrocyte count The radiation wa; 
combined with phenyl hydrazine treatments An excellent result ii 
reported by Rydgaard which followed x-ray of the spleen At th( 
time of his report the effect had lasted eighteen months Gutzeit 
who advocates the use of deep x-ray believes the dosage is subject tc 
great individual variation and must be carefuUy regulated and con- 
trolled by frequent blood examination, an opmion which everyone 
will certainly endorse Like most recent observers, he believes results 
are only to be expected of treatment over the bones, with careful 
control by frequent study of the blood picture He beheves polycy- 
themia vera is due to a disturbance of the organ system or hormonal 
control which regulates erythropoiesis Hence therapy can only be 
symiptomatic in its effect Good results from carefully regulated 
doses of radium over the bones are reported in Hogler's recent article 
from Falta’s chnic This author believes that radium works more 
mtensively than x-ray It is possible that it may produce a more 
extensive scarring, which seems to be the principal effect of both forms 
of radiation A well studied case is reported by Leudin with gratifying 

results from long continued x-ray of the bones. The author considers 
one might almost speak of cure were it not for the reappearance of 
myelocytes in the blood Bottner thinks “irritative,” or “stimula- 
tive” radiation to the spleen may be used as well as radiation of the 
bones, m order to stimulate its hemolytic action Schultze found 
such great improvement in one case after radiation chiefly over the 
bones that he considered the patient “clinically cured ” He reports 
the occurrence of j'aundice after radiation of the spleen and long bones 
Mosenthal considers radiation over the spleen reduces its size but 
produces very little effect on the blood picture On the contrary, 
he finds that radiation over the bone marrow produces a lasting im- 
provement He used frequent small doses gradually mcreasing m 
amount, and the symptoms remained completely absent for two years 
Of Steiger’s four cases, the one radiated over the spleen was improved 
clinically with the subsidence of the enlarged spleen but the blood 
count was not changed Marked changes in the blood count occurred 
m the other three, who received bone radiation. Rosenfeld has re 
ported a favorable experience with Thorium X. The interesting re 
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suits which Head reports from radiation over the spleen combined with 
benzol m a case which he considers as tuberculosis of the spleen seem to 
the writer to be on the contrary an example of the prolonged chronic 
course of polycythemia \era, with typical remissions and mth the 
usual lack of lasting effects from this type of treatment 
On the whole, the expenence to date seems to be against spleen 
radiation and in favor of small doses m a prolonged course over the 
long bones Thus Luedin’s case received ninety-four doses and 
Forschbach’s ninety doses The favorable results reported by Bakke 
and by Patterson follow a similar line of treatment Pendergrass 
reflects the views of many persons in this country A rather favorable 
experience seems to have been had with deep x-ray (Guggenheim) 
It 15 of course of the greatest importance to control the effects of 
radiation with frequent blood examinations, as well as observation of 
the clinical results, and the danger of symptoms of hemorrhage 
from too great reduction of platelets and leucocytes must be borne m 
mind The encouraging reports of treatment by means of radiation — 
which in the writer’s opinion is tlie most effective and safest form of 
therapy now available — must unfortunately be viewed with a certain 
reserve on account of the tendency of the disease to spontaneous 
and prolonged remissions The choice and employment of effective 
therapeutic measures await the determination ol the etiology oi this 
obscure malady 

CONCLUDINO REMARKS 

The most rational basis on which to found a working hypotlicsis 
concerning the ctiologj of polycythemia vera takes for its starting 
point the remarkable and extensive hyperplasia of the red bone mar- 
row The polycythemia and the extraordinary increase in the circu- 
lating blood xolume logically appear to be a consequence of this 
hyperfunction, and the pathological alterations in the arculation whicli 
they in their turn produce seem to explain very many if not all of the 
clinical symptoms and physical signs The part played by blood 
destruction in the process, on Uic basis of the cxndencc which has 
been discovered to date, must be regarded as distinctly secondary' 

So far as is known at present the bone marrow changes consist 
essentially of liyperplasia and proliferation of the normal elements, md 
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the gross appearance, at least, seems to suggest to most observers the 
state to be found in early life. It is m stnking contrast, apparently, 
to the myeloid hyperplasia with megaloblast proliferation, described 
by Peabody, during the relapse m primary anemia From all accounts, 
the cellular hyperplasia m erythremia shows no diminished tendency 
toward the differentiation of mature erythrocytic cells Particularly 
in the long bones it is said that the red color is due almost entirely to 
the masses of mature red cells (Zadak) It is evident that the time is 
ripe for a remvestigation of the histological findmgs by the methods and 
approach developed by Peabody, and by Sabin and her pupils 

There are at the present time at least two tenable hypotheses which 
may explain the bone marrow changes found in erythremia and it is 
by no means impossible that both may be of importance The first 
of these hypotheses regards polycythemia vera as primarily a disease of 
the red marrow, strictly analogous to leucemia and with a similar 
etiology — a type of malignant tumor, perhaps, if leucemia is to be 
considered a form of mahgnancy In favor of this point of view are 
the examples which have already been cited of “combmed” or “transi- 
tion” forms between the two conditions, the occasional or constant 
presence of abnormal red cell forms in the arculatmg blood, the 
common occurrence of evidences of increased leucocytic activity in 
the blood, and finally the leucemic appearances which have been found 
in certain reported autopsies 

The second hypothesis will regard the condition of the bone marrow 
as secondary to one or several different factors causing overstimulation 
It will take into account first of all the fact that the essential differ- 
ences existing between polycythemias of known secondary ongin and 
so-called true primary polycythemia are often very shght indeed if 
considered from the standpoint of clinical signs and symptoms It 
now seems quite possible that a hormonal control of bone marrow 
activity will eventually be demonstrated, which governs the produc- 
tion or maturation of blood cells The occurrence of hormonal 
imbalance m polycythemia vera, as suggested by several writers 
(Hirshfeld espeaaUy) will then seem very hkely That this may be in 
part of congenital origin and due to constitutional factors, such, for 
example, as structural changes m the lungs, which may impede 
normal oxygen diffusion, is shown from the climcal reports which have 
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already been cited The remarkable variation in individual reaction 
to known stimuli producing bone marrow hyperplasia has been em- 
phasized above, and this can well be a question of varying individual 
hormonal response It may explain the more ready susceptibility of 
certain individuals to the effects of emphysema or secondary lung 
changes, to certain mfections, to alterations in the function of the liver 
or spleen, to abnormalities or stasis m the circulation, and to other of 
the many conditions which have been implicated in the production of 
polycythemia Tinally, it is quite possible that if such an unbalanced 
proliferation has once been initiated, it becomes impossible to restore 
the normal mechanism regulating blood cell formation even if the 
original disturbing stimulus is removed 
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INTRODUCTION 

It IS impossible in a short article to cover even in a cursory manner 
all of the numerous studies that have been made in the subject of 
mahgnant disease during the past twenty years In certain fields 
more striking advances have been made, or more interesting theories 
raised, and it is to these that we shall confine our attention The 
problem of heredity always is of great concern to both physician and 
patient The treatment of malignant disease and particularlj that 
which has recently been advocated by Blair Bell of Liverpool, is of 
vital interest A notable advance has been made in the understanding 
of the fundamental chemical processes of malignancy by Warburg 
and his co-workers, and has been confirmed by others Gyc of Lon- 
don has again raised the question as to whether malignant disease 
may not be of parasitic origin, and his work at present commands 
much attention The relation of vitamins to cancer has been brought 
fomard in recent years and much interesting work has been done 
along this line 

KTREDlri AND CANCER 

The CMStence of cancer families sometimes has been brought for- 
ward as evidence of the inhentance of neoplastic disease, as the case 
of the familj of Mme Z, reported by Broca (1), in which 16 of 26 
members died of cancer of the h\er, breast, or uterus, and that of 
the familj reported by Warthm (2) in which 17 cases of cancer 
(chiefly uterus or stomach) dc\ eloped among 47 descendants of a 
cancerous parent We must sharply distinguish, howcacr, in such 
cancer families between the congautal tumors, such as retinal ghoma, 
neurofibroma, and multiple enchondromata, and true JicreJih tend- 

«5 
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encies The congenital tumors are, of course, present at birth, they 
are conditioned by intrauterine conditions, and may be accompanied 
by other congenital abnormalities, whereas when true hereditary 
factors are involved these factors can be submerged completely and 
earned on through several generations without frank emergence 
Thus, the hereditary tendency to albinism in mice, or the waltzing 
trait of Japanese mice, may be held back without appearance for 25 
or more generations, and it will remain submerged beneath the 
dominant character until the appropriate hybrids are again bred 
together On the contrary, intrauterine influences determine the 
congenital tumor and no submerged tendency is carried along by an 
otherwise healthy animal As Ewing has pointed out, the rare occur- 
rence of a family with much cancer in it is, perhaps, an argument 
against the true inheritabihty of cancer by and large Furthermore, 
statistics m such a matter are always treacherous, and the study of 
cancer families has added but little to our knowledge of whether 
cancer is hereditary or not. 

The statistical study of inheritance of cancer was begun by Paget 
(3), who found cancer m 23 6 per cent of the relatives of 254 cancerous 
patients, as against 18.3 per cent in non-cancerous patients Other 
authors (4) (5) (6) find a far smaller percentage of inheritance in their 
series, averaging only 7 1 per cent HiUier and Tritch ( 1 ), at the 
Middlesex Hospital, London, reporting on 3000 cases, found that 13 1 
per cent of cancer cases had cancerous relatives, indicating that, at 
least in this fairly large series, heredity played no part Further, as 
Bashford (8) points out, the morbidity from cancer in England would 
lead one to the expectancy that cancer would be found in one out of 
every two families in the general population, and he actually found 
a history of cancer in 50 per cent of the families of 669 cancer patients 
Weinberg, from the clinic at Stuttgart (9), found no evidence of 
heredity in his figures Little (10), on analysis of the statistical data 
obtained in the family history records of the Eugenics Record Office, 
Carnegie Institution, found, first, that in famihes whose father was 
cancerous and whose mother was normal, there were 1717 total non- 
cancerous individuals and 24 ±3 27 cancerous, an excess of the ob- 
served over the expected of 22 1, and he calculates that the odds 
against this excess being due to chance alone would be more than 
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100,000 to 1 Similarl> , when the immediate progeny of cancerous 
mothers and non-cancerous fathers were analyzed, it was found that 
1030 were non-cancerous and 39 ±4 13 were cancerous, an excess of 
36 22 over the expected number of cancerous individuals, 2 78 in this 
case Fmally, an examination of the sibs of cancerous individuals, 
as against those of non-cancerous individuals, showed, again, an excess 
of observed over expected cancerous individuals He finds that in 
the general population 1 23 ±0 03 per cent are cancerous, whereas 
2 32 ±0 22 per cent of the sibs of cancerous individuals have malig- 
nant disease Little says, 

“From both these sources of data it may be concluded that a tendency 
to the formation of cancer is dearly inherited The influence of inheri- 
tance is shown by the occurrence of a marked excess of ‘cancerous’ mdi- 
viduals over the rate of the general population, in (1) the sibs of ‘cancerous’ 
individuals, (2) the progeny of ‘cancerous’ mothers by ‘non-cancerous’ 
fathers, (3) the progeny of ‘non-cancerous’ mothers by ‘cancerous’ fathers 
The tact of inhentancc is clear but the type of inheritance needs further 
inxestigation ’’ 

In any statistical study of the inhentancc of cancer, one must 
remember, however, that the error in diagnosis is large, probably as 
high as 25 per cent, that the age span of the various individuals in the 
families may matenally differ, and that supposedly non-cancerous 
controls may, of course, subsequently dexclop cancer Wells (11) 

(12) pomts out the treacherous and uncertain character of statistical 
data insofar as they concern cancer and he would virtually discard, as 
useless, all existing data from this source From clinical and statis- 
tical studies we have so far been unable to draw any definite conclu- 
sions in this matter, but it would seem adxisable, according to Ewing 

(13) , even in the face of obvious difficulties, to continue the study of 
human statistics, inasmuch as the transference of animal data toman 
is of questionable permissibility 

The early work of Bashford and hlurray (14), Loeb (15), and 
Tyzzer (16) (17) (18), all showed that m mice there was an hereditary 
tendency to cancer The most important experimental work has 
come from hlaud Slye (19) (20) (21) (22) (23) (24) (25) (26) (27) 
(28) (29) (30) (31) (32) She has worked exclusiv ely w ith spontaneous 
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mouse tumors and has, by a long and laborious study, separated out 
a number of homogeneous strains of animals, on which she has done 
. over 60,000 autopsies She concludes that, equally by the method of 
hybridization and by inbreeding, cancer behaves like a unit character 
in that it separates out and is transmitted as such Cancer, she 
believes, is recessive to non-cancer, and the first hybrid generation 
never has shown it in all of her experience When a non-cancer 
strain has once been extracted, spontaneous neoplasms never have 
occurred again in her series With a double cancerous parentage, she 
believes that the offspring will be 100 per cent cancerous With a 
single cancerous parent, the offsprmg will be heterozygous to cancer, 
in other words, they will transmit, but will not necessarily develop, 
cancer, and these heterozygous individuals will yield non-cancerous, 
heterozygous, or cancerous individuals in approximately the propor- 
tion 1 to 2 to 1. She further concludes that double non-cancerous 
parentage means that cancer, provided the race remains homo- 
geneous, will never appear agam. 

“Resistant strains are produced which among thousands of individuals 
have never shown one instance of tumor of any sort, either mahgnant or 
benign Among the susceptible mice, strains are produced which never 
show but one type and one location of neoplasm, such as adenocaranoma 
of the mammary gland, mahgnant adenoma of the liver, spmdle-cell 
sarcoma of the kidney, osteosarcoma of the leg bones etc ” (31) 

She pomts out that in her series of animals organ specificity is as marked 
as the simple Mendelian recessive factor of inheritance, and she 
beheves that liver tumor begets, in the offsprmg, hver tumor, and that 
stomach cancer gives rise in the future generations to stomach 
cancer. Immunity to cancer, as a corollary to her conclusions, is, of 
course, a dominant, and although for a long time she apparently 
did not believe that there was any factor concerned other than the 
simple Mendelian recessive, she later came to the conclusion that 
cancer resistance and cancer susceptibihty behave consistently, just 
as true albinism or pigmentation do in heredity and, that two factors 
are necessary for the production of cancer, fiarst, an inherited local 
susceptibility to the disease, and, second, an irritation of the right 
kind and in the right degree (31). 
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She says (28), 

“The fact that vanous types of imtation play an important part in the 
causation of cancer in susceptible mdividuals is one of the best basic argu- 
ments for defimng cancer as an abnormal regeneration process This 
regeneration after trauma is apparently abnormal m these cancer-suscepti- 
ble subjects because of the lack of a differenUatmg mechanism in the tissues 
It seems to be this local lack of differentiating mechamsm m the susceptible 
tissues that is the hereditary element in cancer susceptibility That is, 
the type of local response made to a given type of irritation is determined 
by heredity whatever the type of that irritation may be ” 

She objects to the use of transplantable tumors, such as have been 
used by some workers m the field, and she points out that the suscep- 
tibility to grafted tumors has as its most important bases, first, the 
ability of the assaulted tissues to regenerate normally, second, the 
ability to build up an accessory circulation, and, third, strength on the 
part of the host to support the tumor She believes that transplant- 
able tumors arc the exact opposite, m their genetic relations, to 
spontaneous cancer, in which the tendency of the assaulted tissues 
IS to regenerate abnormally in an uncontrolled and undifferentiated 
manner She secs, therefore, no contradiction m the fact that, 
whereas she has found cancer to be a simple Mcndelian recessive, 
most workers in the field of grafted tumors find that these behave 
as a dominant, though not, in most cases, as a simple dominant 

To Slye’s work Cockayne (33) objects (m so far as the mammary 
caranoma is concerned) that in most cases 

“she has used in generation after generation i mouse with caranoma of 
the mammar> ghnd as one parent, and although she proxes, in this way, 
beyond doubt, that the tendency to cancer is inhcntcd, she does not prove 
that It IS inhented as a recessive She regards tliesc crosses as crosses 
between a mouse homozygous for, and one heterozygous for, mammary 
caranoma, but the same result would be obtained if the tendency to 
caranoma were dominant, and the cross were between a mouse hetero- 
zygous for the condition and one homozygous for t)ie normal ” 

Cockayne concludes tliat “She (Slye) has been dealing with tliree 
hereditary* disorders, each one due to a separate unit character and 
consequently inherited mdcpendently ” Tlicse disorders (according 
to Cockay’nc) arc 
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“adenomatosis of the lung and of the hver, which are probably recessive, 
and adenomatosis of the mammary gland, which is probably dommant. 
Mahgnant disease develops in a comparatively small proportion of the 
first two, and m a very high proportion of the last of these In 

the case of tumors of imce, Slye produces no complete proof that they are 
inherited, though her pedigrees suggest that some behave as Mendehan 
recessives and others as dominants ” 

Wells ^1), on the other hand, agrees in general with Slye’s results, 
but he IS not entirely convinced that these figures and theories can be 
transferred to the human race Lit'tle (34) says, 

“In the interpretation of her data, however, there is room for grave dis- 
agreement in her conclusion that cancer behaves as a simple Mendehan 
recessive Even admitting the difficulty mtroduced by occurrence of 
cancer at an advanced age in the hfetime of an individual and the hmita- 
tion of the most common class of tumors due to sex (ma mm ary caranoma), 
it is still evident that a simple type of Mendelian inhentance does not fit 
the observed facts sufficiently well Furthermore, the fact that certain 
famihes of mice show such a higher incidence of neoplasms located in a 
particular locahty mdicates that subsidiary or modifying factors are 
influencmg the situation and in all probabihty the occurrence of neoplastic 
growths ” 

Little agrees that it has been proved beyond question that heredity 
factors play an important part in the determining of the incidence of 
cancer in mice but he feels that though the fact of inheritance is 
undoubtedly estabhshed, the method of inheritance is not yet deter- 
mined He (35) expresses the “hope that great caution will be 
exercised by those reading the interpretations of these two investi- 
gators (Slye and Wells) before accepting their conclusions that cancer 
is a simple Mendehan recessive.” He believes that Lynch (v i ) is 
correct in her contention that mammary cancer in mice behaves 
like a Mendehan do min ant — a conclusion directly opposite to that 
of Slye It IS possible and penmssible to argue the existence of 
hereditary tendencies of cancer in man from the existence of such 
tendencies m other animals Similar arguments have been shown to 
apply in such abnormalities as albinism and color of the eyes, but 
Little emphasizes the extremely complicated biological nature of 
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cancer, occurring as it does in middle life or old age, at a point very 
far removed from the earners of the elementary hereditary tendenaes , 
and the opportunity for the effects of internal environment to become 
excessively compheated and amplified are, of course, obvious As 
regards mhentance in man, he points out that one is faced with in- 
adequate methods of observation, diagnosing, and recording, the 
magnified effects of environment due to the long life cycle, and small 
numbers of young, and a deliberate system of out-breeding vfhich 
confuses the situation All these factors make the studj of inheri- 
tance of cancer in man very difficult 

Bagg (36) found that he could increase the per cent of cancer of 
the breast in an inbred strain of mice with a normally low tumor in- 
adence by such environmental changes as rapid breeding, and he 
concludes that heredity is not the only important factor in the 
production of tumors Slye (28) contends that his mice were hetero- 
zygous to cancer and that, therefore, the amount of cancer in any 
group of descendants would depend upon what matings had been 
made, and she implies that the rise of tumor incidence which Bagg 
found was due to the “right selection of breedings ” 

More recent work of Murry (37) confirms, however, the fact that 
environmental changes do alter the tumor incidence in mice He 
found, for instance, that enforced non-brceding “delays very markedly 
the age of tumor incidence and may even inhibit entirelj the develop- 
ment of cancer in mice which would have had a high incidence of 
tumor appearance had they lived a normal sexual life " Further- 
more, the complete absence of ovanan secretion (castration) was 
found to have much the same effect on cancer incidence as did en- 
forced non-breeding Once more, from these data it would appear 
that factors other than heredity have a marked influence on tumor 
incidence 

Loeb and Lathrop (38) ( 39 } ( 40 ) (41), working with spontaneous 
tumors, found that it was possible to split a strain of mice into sub- 
str.uns with varying tumor incidence In the majority of cases, 
isolated families inbred through scaeral generations gaie approxi- 
mately the s.ime tumor rate, the observed variations perhaps being 
due to the small number of animals used They conclude tlial, on 
the whole, the heredity of cancer rale and cancer age follows the 
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blending type of hereditary transmission, and, m crossing strains 
which differed m their tumor incidence, no general rule was found by 
which one could predict the rate in the offspring In a certain 
number, the results were undoubtedly mtermediate. All kinds of 
gradations were found to occur, leading, on the one hand, to pre- 
ponderance of strains with a high rate and, on the other, to a pre- 
ponderance of those with a low rate Multiple allelomorphs, they 
believe, determine the heredity to cancer, and their results make 
these authors feel that multiple factors rather than a single one are 
involved It has been objected that the strains of mice used by 
Loeb and Lathrop were not homogeneous, and that the hybridization 
results were therefore not valid. The data do show, however, that 
multiple factors are involved 

Guerin (42) concludes that multiple factors are involved and he 
does not believe that simple heredity will explain all the observed 
facts. Wilson (43), working with drosophilia, also feels that multiple 
factors are involved Wilson found two hereditary tumors m the 
fruit fly, but he was unable to be sure whether the tendency was 
dominant or recessive Lynch (44) (45) in a study of tumor in- 
cidence in inbred and back-cross daughters, supports the theory that 
the tendency is hereditary, and the frequency in the first genera- 
tion would indicate, contrary to the results of Slye, that this tendency 
is dominant Cockayne (33) agrees that Lynch’s results point 
strongly to the conclusion that the tendency to cancer behaves in this 
manner L 3 mch (46) found further that tar gave the same mcidence 
of tumors in races with a high and low spontaneous tumor rate 
Slye, however, objects again that her strains were not homozygous to 
cancer and that the cancer percentages will depend entirely on what 
matings are made She further points out (28) that Lynch used 
both males and females m her tarring experiments, whereas she has 
given the cancer incidence for the females only. 

In summary, it seems fair to say, as Little has said, that the fact 
of inheritance in animals has been, definitely proved, but that even 
here we are not positive of the exact mechanism of the inheritance. 
The transferal of these data to man, while permissible in part, becomes 
so complicated by such multiple factors as age span, and out-breeding 
that it is very difficult, if not impossible, to say what influence, if 
any heredity has in cancer to man. 
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THE PARASITIC THEORY OP CANCER 

The parasitic theory of the ongin of malignant disease has been 
brought up many times m the past A considerable number of 
investigators (47) (48) have asserted that this or that microorganism 
was the true cause of cancer, but none of these claims has so far been 
substantiated (13) It has been shown without doubt by Fibiger 

(49) that cancer of the stomach may develop about encysted spirop- 
tera Similar observations have been made by Bullock and Curtis 

(50) In these instances, however, we arc dealing with a chronic 
irntation factor and not, of course with any specific organism that 
might be of etiological importance in human cancer Numerous 
authors, more recently Blumenthal (51) (52) and Nuzum (S3) (54) 
have claimed to have isolated from animal and human cancer organ- 
isms with which they were able to reproduce malignant disease of a 
similar sort in expierimental animals Blumenthal asserts that he has 
cultivated from human neoplasms three strains of bacteria which 
produced, in rats and in mice, neoplasms which could be further 
transplanted It is noteworthy, however, that the takes were few 
in number and that he was unable to cultivate the organism from these 
transplants Their work, moreover, has not been confirmed 

More recently the work of Gyc (55) (56) (57) (58) has attracted 
much interest Gye’s theory, m bncf, holds that all tumors are 
caused by two factors, a non-specific filtrable vims, common to all 
tumors, and a specific chemical substance which renders certain 
tissues susceptible to the vims and enables the virus to produce the 
lesion His work has been done largely with the Rous chicken 
sarcoma 

In 1911 Rous (59) described a new sarcoma of fowls which could 
be propagated from chicken to chicken by a cell free filtrate, though 
It was found impossible to transfer it to mammals even by using 
living cells Other filtrable tumors were subsequently (60) found by 
Rous, but all were speafic for fowl It remained true, therefore, that 
no mammalian tumor was filtrable, so that doubts base been raised 
as to whether the Rous’ sarcoma is, indeed, a true tumor in the usual 
sense of the word, though it may be argued that it has all the usually 
accepted entena of mahgnanc> and that the mere fact of iLs filtrabll- 
Ity should not militate against these facts Rous himself was non- 
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committal as to the nature of the “agent” by which the tumor was 
propagated He hesitated to call it a virus, but he and his col- 
laborators showed that it was destroyed by a temperature of 55°C. 
for fifteen minutes and by chloroform, toluene, and phenol 

Gye’s experimental evidence, in bnef, is as follows The virus 
from the Rous chicken sarcoma is obtained by grinding the tumor, 
after excision imder strict aseptic precautions, with sand Saline is 
added and the suspension filtered through sand until clear This 
process yields the so-called “sand filtrate,” which is capable of in- 
fecting fowl in doses as small as 0 05 ml The active agent, or virus, 
in this filtrate may be killed by various agents (61), but Gye origi- 
nally (56) used “a few drops of chloroform ” After such treatment 
the “sand filtrate” is usually innocuous, even in doses as large as 
2 0 ml If, on the other hand, a small piece of tumor tissue be in- 
cubated for from 2 to 7 days in modified Hartley’s broth under 
anaerobic conditions, this so-called “primary culture” also becomes 
non-mfectious A combination, however, of “sand filtrate” and 
“primary culture,” neither of which alone will, as a rule, produce a 
tumor, will result in tumor. Gye’s assumption is that there are two 
factors — a livmg virus and an accessory chemical substance In 
experimental tumors produced by the combination of these two factors 
the former is contained in the “primary culture” and the latter in 
the “sand filtrate ” Since the virus can be furnished by small 
amounts of sub-cultures of tumor tissue in modified Hartley’s broth, 
as high as the fourth or fifth generation, the resulting dilution of the 
tumor would seem to be sufficiently great to rule out mere survival 
of the agent And, since the virus factor may be obtained from 
rat tumor No 9, Jensen rat sarcoma, mouse carcinoma 63 and human 
carcinoma, it is assumed that it is present in all mahgnant growths 
and, hence, non-specific The accessory chemical substance, on the 
other hand, is specific and determmes the type of tumor Gye 
assumes that the “chloroform treated sand filtrate con tarns a labile 
chemical compound which in some way, as yet unknown, renders the 
cells susceptible to infection by the virus contained in the ‘ primary 
culture ” 

A second Ime of evidence is seen in the following A suspension o 
tumor tissue, incubated anaerobically at 39°C , is spun down at a 
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high rate of speed, the supernatant fluid is removed and the sediment 
thoroughly washed with saline Neither the supernatant fluid nor 
the washed sedunent will alone produce a sarcoma, but when they are 
combined a tumor results These eiqienments “show that both m 
prunary cultures and in candle filtrates there are two factors which 
are necessary to the production of tumor — the one is particulate and 
15 therefore probably a virus, the other, being uninfluenced by spin- 
ning, IS probably a chemical substance” (55) 

There are two points in relation to Gye’s work which demand 
senous consideration In the first place, he has been able to recover 
the specific chemical substance from only one type of tumor, namely, 
Rous’ chicken sarcoma — a tumor which may not be a true tumor in 
the usual sense of the word Furthermore, as he reports occasional 
"takes” with the specific chemical factor only, in amounts which are 
comparable to those used in experiments on which his theory is based, 
the point as to whether the original infective agent of the “sand- 
filtrate” has been killed or not is debatable 

His co-worker Barnard (62) believes that he has photographed the 
virus by ultra violet ray, but the technical difficulties involved make 
It difficult to repeat this work 

Many objections, aside from the choice of tumor, have been raised 


against Gye’s theory Murphy (63) (64) was able to reactivate the 
chloroform filtrates by embrj'onic and by normal tissue, and he con- 
cludes that there is no necessity for the assumption of a livmg virus 
derived from tumor tissue Flu (65) (66) has come to the same con- 
clusions McKenzie and Illingsworth (67), however, were not able 
to reactivate with embryonic or normal tissue, and they believe that 
their work supports that of Gyc They were, however, unable to 
subculture the virus as Gye had done Thej were able to replace 
the varus from Rous chicken sarcoma by an agent from mouse car- 


cinoma 63, but not from mouse sarcoma 37 But they further state 
that "We have not been able to produce the Rous sarcoma from 
subculture and ‘specific factor’ in anj instance where the specific 
factor alone did not likewise bring about a growth ” Thej believe 
that the "specific factor is m reality nothing more than a suspension 
of attenuated virus which may or mnj not produce a tumor, depend- 
'Og On the fowl’s susccptibihtj or resistance ” Further observations 
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on this point must be made before the objection can be considered 
entirely vitiatmg Gye’s theory 

Harkins and others (68) have found that, if a large amount of 
chloroform be added to the virus, it will be killed entirely, but that 
a few drops, as recommended by Gye, failed to destroy the virus m 25 
per cent of the cases In fact these authors still obtained frequent 
“takes” even when using 2 per cent chloroform It should be noted, 
however, that Gye’s “sand filtrate” must be absolutely clear if 
chloroform is to act in a consistent manner, and not all investigators 
have paid sufficient attention to this point 
Mueller (69) concludes, 

“We have absolutely no indication of the necessity of two factors m the 
production of the Rous sarcoma Because of the conflicting nature 

of the results obtained by those who have undertaken to repeat the work, 
and on account of the difficulty of controlhng all factors involved, we do 
not feel that it may be stated defimtely that Gye’s theory of the cause of 
cancer is wrong ” 

Baker and McIntosh (70) find marked variation in the infectivity 
of the filtrate from Rous sarcoma, and they show that this variability 
is due to those factors which control ferment action, especially the 
hydrogen ion concentration. They suggest that “the discrepancies 
between the results of different workers upon the Rous sarcoma, 
particularly m relation to Gye’s work, can be accounted for by a lack 
of control of” these factors Cutler (71) again was unable to confirm 
Gye’s work. He concludes that the susceptibility of the Rous tumor 
filtrate to chloroform varies to such an extent that proper stand- 
ardization of this technic is not possible 
Further work must be done before this theory can be proved or 
disproved, and it is too early, at present, to give a final opinion. There 
is no doubt, however, that many new facts of importance and interest 
will come from the experiments, no matter what the actual outcome is 
Fmally, it should be remembered that there are numerous theo- 
retical objections to the parasitic theory of cancer The incidence, 
course, age distribution, and anatomical character of the disease is 
against such an assumption Ewing (13) says (in part). 
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“The anatomical and physiological characters of mahgnant tumors 
differ essentially from those of known infectious processes The abnormal 
size of nucleus and cell body revealing ovemutntion is contrary to the rule 
in infectious processes The metastases of tumors reveal conditions w holly 
different from any phenomena observed in infectious diseases There is 
no more impressive illustrabon of the difference between tumors and in- 
fectious granulomas, which they most nearly resemble, than the companson 
of the fate of tumor embob and of emboli from a tuberculous focus In the 
former case the tumor cells grow where they lodge, receiving onl> nutriment 
from the blood of the part, in the latter case the embolic cells die and 
the transported baalU crcite an inflammatory process m the adjacent 
tissues Tumors arise in some instances from a smgle cell, in most 

instances from a nanowly arcumsenbed group of cells, and grow chiefly 
or exclusively from their own resources Tew wnters have ventured to 
suggest that bemgn tumors can be of parasitic ongin, and jet occasionally 
tumors which are otherwise indistinguishable from benign growths, as 
adenoma of the thyroid and leiomyoma, may exhibit all the characters of 
mahgnancy Hopeless dilemmas arise when one attempts to conceive of 
all the necessary properties of the cancer parasite ” 

And Ewing concludes, 

“It IS impossible to regard as a vahd hypothesis the conception of a 
speafic group of parasites hvang m symbiosis with the cancer cell and 
stimulating its growth and nutrition All the facts arc reasonablj ex- 
plained b> regarding the cancer parasite as the cancer cell ” 

ACCESSORY EOOD EACTORS AND CANCER 

The relation of accessory food factors or vitamins to malignant 
disease verj naturally has come to the attention of workers in this 
field in recent years The most interesting investigation m tins 
relation is that of Burrows (72) (73) (74) (75) (76) (77) (78) (79) 
(80) (84) He believes that the neoplastic changes which cells 
undergo are due to the environment in which these cells reside, 
rather than to any specific orgimsm or speafic changes in tlie cells 
themselves Cancer, according to him, is not a reversion to the 
cmbrjonic tj^ie of cell but a freeing from controlling environmental 
force-- Growth, differentiation, and function he regards as deter- 
mined, not b> the cells themselves, but bj their immediate surround- 
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ings The view that cancer cells are capable of independent growth 
tmder conditions other than those favorable for the growth of normal 
cells he believes to be false. His early studies were made on tissue 
cultures and he finds that 

“embryomc mesenchyme . m a tissue culture, first invades the 
medium, then grows, and finally suffers a self digestion, exactly as cancer ' 
cells suffer these changes in the body. These reactions are not reactions of 
the cells to specific substances m the plasma. They are the result of the 
removal of these cells from the normal circulation of blood m the organism 
to a stagnant culture medium that is well supphed with oxygen.” 

They are, according to Burrows, the result of a gradual accumulation 
in this stagnant environment of a substance which he names the 
archusia. This so-called archusia he believes is formed by the cells 
themselves and only in the presence of oxygen In low concentra- 
tions (Si), the archusia has no effect on the surrounding cells In 
medium concentrations (S 2 ), it causes the cells to migrate into a solid 
medium and toward such droplets of fat as may be in the vicinity. 
In high concentrations (S3), of the archusia, the proteins and fats are 
digested, and the cells grow and divide by mitosis. In all higher 
concentrations (S4), the cells themselves are digested. The con- 
centration of archusia is directly proportional to the number of cells 
acting per unit area, the nutrient substances and the oxygen present, 
and inversely proportional to the amount of medium diluting it. 
Burrows also assumes the elaboration of a second substance, a product 
of cells in the presence of oxygen — a fat soluble substance which he 
calls ergusia. This substance reduces surface tension and coagulates 
fibrin and so aids the cells in migratmg to distant parts, but in turn 
it retards the growth of cells just as “archusia” aids their growth 
From these studies of tissue culture Burrows was led to believe (77) 
that cancer is due to a local crowding of cells and a relative reduction 
in the blood supply of the mass. 

His co-worker, Jorstad, points out (78) that coal tar and other 
liquid fat solvents produce cancer or pseudo-cancer, not by any 
stimulating action that they may have, but rather by drawmg the 
cells together into a compact mass due to the extraction from the 
cells of the ergusia. Animal parasites, likewise, cause a dense mass 



CERTAIN BIOLOGICAI. ASPECTS OF CANCER 


359 


of cells to accumulate and these suffuse their own archusia and thus 
produce a local condition favorable to the proliferation of cells already 
crowded together Radium and \-ray disturb the vascular supply 
and increase the production of archusia Burrows shows (72) (80) 
that a dense mass of cells destroys any neighbonng less dense mass 
of cells, ]ust as cancer destroys the normal tissues about itself 
He points out (79) that m tissue culture cells grow only when the> 
are crowded together, and that, if a stream of fresh serum be passed 
over the tissue culture, growth and function cease, because, as he 
believes, the serum soluble archusia is washed away The per cent 
of this substance Burrows finds to be high m embryonic tissue (81), 
and he points the parallel of this fact to the observation of Robert- 
son (82), that the rate of growth of paramoecia is directly pro- 
portional to the number of individuals per unit volume of medium 
until the medium becomes charged with waste products above a 
certain concentration In short, Burrows believes that two sub- 
stances in the environment govern the growth and activity of all 
cells — first, the archusia, water soluble, which allows cells to grow, 
differentiate and function, and second, ergusia, fat soluble, which acts 
as a restraining force upon the unlimited and chaotic increase of 
cells by themselves— and that cancer is due to any process which 
upsets the balance by causing a relative increase in the concentration 
of archusia 

So far Burrows contributes little over and above the school of 
investigators which believes that cancer is due to an imbalance 
between a growth promoting and a growth retarding agent He takes 
a material step forward, however, in his proposed identification of 
archusia with vitamin B and of ergusia with vitamin A This 
ergusia, he believes, is a product of growth reaction and inhibits 
growtli, not ns a foreign toxic substance, but, as any product of an 
incomplete reversible reaction may inhibit the reaction when added 
in excess to the reacting system In support of this rather staking 
view that these substances are rcallj vitamins he bnngs forward a 
certain amount of cv idcncc 

In the first place, he finds that botli vitamm B and archusia arc 
plentiful in embryonic tissue, and that both readi their maximum 
concentration in a cluck of five dav-s (76) (80) at which period the 
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growth rate is at its fastest. This growth rate decreases as the em- 
bryos age and in a similar fashion the contents of both vitamin B 
and of archusia decrease (75) (84). In like manner extracts of 
cancer cells cause tissue cells to grow very rapidly at first and then to 
disintegrate An analogous growth stimulus and later disintegration 
is brought about by extracts of five day embryo. He considers that 
he has shown (73) (84) that cancer tissue (Jensen sarcoma) is high 
in vitamm B but his protocols do not appear to prove this with 
certainty and eiqperiments conducted in this laboratory, but as yet 
unpublished, mdicate that carcmomatous tissue has no higher vitamin 
B content than normal non-active tissue Burrows concludes, how- 
ever (84) that 

“This high vitamin B value without any noticeable vitamin A is seen 
not only in actively growing tissues of the body (embryo) but also m the 
culture of the actively growing tumor fomung organism B tumifaciens 
While it is impossible to prove without working with pure products that 
the archusia (S) of the cell is vitamin B, there is no evidence from these 
experiments that it is otherwise Our test for the archusia is the abihty 
of a cellular exudate to stimulate activity in tissue cells. The highest 
stimulatmg extracts are obtained from the most actively growing cells, 
cancer, yoimg embryos and actively growmg young cultures of bactena 
These have been found to have the greatest amount of vitamm B ” 

It is interesting in this respect that Heaton (94) foimd that the 
requirements for growth of different tissues were not the same and 
he described these separate factors concerned with the growth and 
multiplication of fibroblasts and epithelium One of these is a 
thermostabile substance necessary for the multiplication of epithehal 
cells This factor he finds to be water soluble and abundant in 
yeast, and he regards it as very closely associated if not identical 
with vitamin B. Thus from an independent worker comes a certain 
amount of confirmation of Burrows’ proposed identification of 
archusia with the growth promoting vitamin. 

Burrows further regards the “fat soluble ergusia” as having the 
general properties of vitamm A (84). He finds that the ergusia lost 
to cells can be replaced by vitamin A and from this and other hnes 
of evidence he concludes that vitamin A is “present as the ergusia in 
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the intercellular substances m higher animals and in their stored fat ” 
Vitamm A (or ergusia) he regards as formed durmg the growth reac- 
tion of cells and he believes that it must “slow the growth reaction 
of the cell” as does the product of any essentially reversible reaction 
Burrows behoves, m short, that cancer is merely the result of any- 
thing which locally removes vita min A from the tissues or locally 
increases vitamm B X-ray causes cancer, according to this theory, 
by mcreasmg the local amount of vitamm B and Burrows shows that 
animals on a vitamm B free diet will live longer if small doses of X-ray 
are given them Parasites produce cancer — when they do — by their 
liberation of large amounts of vitamin B Tar produces malignant 
changes by locally depletmg the tissues of vitamin A and Burrows 
shows that anunals killed by tarnng can be saved by feeding large 
amounts of A Chronic irritation with scar tissue tends to produce 
cancer by reduemg the blood supply and allowing the archusia, or 
vitamm B, to accumulate Burrows substitutes stagnation for 
chronic irntation, just as Warburg with somewhat less enthusiasm 
substitutes anoxemia for chronic irritation 
It IS most difficult, on this basis, to explain the existence and be- 
havior of metastasis, but he does so by assuming that the cells migrate 
out along the drainage areas from the ongmal focus and reach 
eventually a place m the body where growth is possible simply because 
the environment is suitable He believes that the fat and protein 
soluble ergusia is liberated only when the archusn has reached an 
Ss concentration The ergusia forms a film which reduces surface 
tension and along this the cells may migrate Evidence that some 
active substance proceeds from the cancer focus Burrows finds in the 
observation made some jears ago by Ewing, that lymph nodes 
adjacent to malignant deposits may shov, without actual metastatic 
nodules, marked hypertrophic changes It would seem, however, 
that according to theor>' this hj-perplasia should result from action 
of archusia rather than of ergusia 
The natural consequence of this theorj , whicli is at least intcresung, 
IS that one should be able to modifj the course of malignant processes 
bj vitamins or other accessor) factors Much work has been done 
on this aspect Sugiura and Benedict (S3) found that absence of 
vitamin B from the diet had no effect on the tumor growth m am- 
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mals Wyard (86) was unable to demonstrate any effect when 
vitamin A was absent Lapidari (87), however, felt there were less 
tumor takes in transplantable chicken tumors when the diet contamed 
no vitamin B , and Ludwig (88) saw no tumor takes out of 60 animals 
on a vitamin free diet, as against 57 takes out of 60 control on normal 
diets Ejramer (89) found that absence of vitamins neither hindered 
nor accelerated the growth of animal tumors, while an excess of 
vitamins made the tumors grow more rapidly. Fujimaki (90), feed- 
ing rats a diet containing no vitamin A, found, as others have done, 
that there was a hyperplasia of the epithelium of thfe stomach, which * 
he interpreted as carcinoma Wolbach (91) (92) has amplified this 
work and found similar results but is not prepared to call the change 
carcinomatous Goldblatt (93) comes to essentially the same conclu- 
sions Most attempts to alter the course of cancer by dietary means 
have consistently failed but this does not necessarily imply that they 
always will 

THE CHEMISTRY OF MALIGNANT DISEASE 

Ever since 1836 when Johannes Muller (95) sought to isolate a 
specific chemical substance from carcinoma, the interest in the 
chemical make-up and chemical behavior of malignant disease has 
increased. Many able chemists have worked on the problem, and 
from time to time substances have been isolated which were said to 
be characteristic of new growth, but this has subsequently been shown 
not to be the case A careful chemical examination of carcinomatous 
tissue fails to show any substance to which the properties of malig- 
nancy might be attributed (96) (97) (98). 

Certain phases of the elementary analysis of neoplastic tissue are, 
however, of considerable interest E Freund (99) as early as 1889, 
and Joanovics in 1916 (100) showed that malignant tissue presented 
certam anomalies in its carbohydrate make-up, and the recent work 
of Warburg has elaborated this field mto one of the most important 
in the metabolism of neoplasms This aspect wdl be discussed m 
detail later. 

The salt content of the fluid bathing tissues is of the utmost im- 
portance to proper growth and function as has been particularly 
emphasized by Loeb (101), and it is to be expected that variations 
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from the normal in the mineral content of tumors should be sought 
for The narrow limits within which the fluids can be varied without 
injury to the cells is striking The calcium content of tumor tissue 
has been shown to be low, particularly m the early stages of car- 
cinoma, though it may rise when the tumor becomes older or necrotic 
(102) (103) (104) (105) Conversely, potassium is generally conceded 
to be increased in tumors (104) (106) And it is to be remembered 
that calcium and potassium are mutually antagonistic in so fat as 
their physiological effects are concerned (107) This finding of a low 
calcium and a high potassium led to the study of the K./Ca ratio, 
and Clones and Fnsbie (103) consider that this ratio is a function of 
the age and condition of the tumor, increasing in value with increasing 
rapidity of growth on the part of the tumor and their general con- 
clusions receive confirmation from Rhodenburg and Krehbiel (108)* 
It is interesting in this respect that Sugiura and Benedict (105) found 
that calcium had a slightly retarding action on the growth of rat 
cancer, and Cramer (109) found a similar effect 

The diamino acids have been shown to bo high b> Drummond 
(110) and by Bergell (111), but the significance of this finding is slight 
The water content of neoplastic tissue is elevated, as with other 
rapidly growing tissues (112) (113) Waterman (114) gives the water 
content of human tissues as 77 5 per cent for normal tissue, 81 6 for 
malignant tumors 

The lactic acid content of malignant tissue is generally considered 
to be raised over that of normal tissue (115) but the values interlock 
with those of normal tissue and what rise there is, is not particularly 
striking (115) (116) Bicrich gives the lactic acid content of various 
normal organs as from 23 to 140 mgm per 100 ml and for tumor 
tissue 112 to 258 It should be remembered, howcaer, that the 
determination of lactic acid in tissue is not on an entirely sound 
technical basis, and further work is needed before we can saj exactly 
what the lactic acid content of tumor tissue is 

Much interest has arisen in the per cent of the dipcptid, glutathione, 
m cancer inasmuch as this substance has recently been shown to have 
a very profound influence on the oxidation and reduction processes in 
tissues m general The question of whether glutathione content is 
normal or abnormal in tumor tissue can not at prc'.cnt be tkaded 
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Yaoi and Nakahara (117), using the nitro-prusside test, have daime 
that glutathione is present in the Rous chicken sarcoma only i 
negligible amounts, whereas they find it abundant in othermalignan 
tumors and in normal tissue Hieger (118) finds, however, that Ron 
chicken sarcoma contains approximately the same amount of gin 
tathione as do normal tissues. On the contrary, Holmes (119) usinj 
Tunnicliff’s method (120) for reduced glutathione, estimates that 
whereas liver contains 200 to 300 mgm per 100 grams wet weigh 
and muscle 35 mgm , cancer often contains less than 3 mgm o 
glutathione and never more than 16 5 mgm. The determinations ii 
this case were done by the iodine titration method on the reducec 
form, but it was also shown that cancer could not reduce addec 
glutathione Holmes’ conclusions are that rat carcmoma, ra1 
sarcoma, and human carcinoma contain very small amounts of re- 
duced glutathione, and that cancer, unlike normal cellular tissue 
appears also to show only a slight activity in reducmg added oxidized 
glutathione She believes that these facts lend support to Warburg’s 
contention that cancer lives essentially in an anaerobic manner, 
Hopkms (121) says that actively growing cancer cells show a Iotj 
nitro-prusside test, but he did not examine fresh tissues soon after 
removal from the body, and the work is open, therefore, to some 
theoretical obj'ection. Voegthn and Thompson (122) find, in contra- 
distmction to these other authors, that glutathione is as abundant 
in malignant transplantable mammahan tumors as in liver, which 
they find very rich in this substance The necrotic proportions of 
the tumor contained no glutathione. But they beheve that tumors 
contain more of the oxidized (s-s) form than normal tissues They 
further find that the glutathione is drawn from the body by the tumor 
inasmuch as the content of the body as a whole diminishes as the 
tumor increases in size They give for liver 135 to 261 mgm per 
100 gm., and for cancer 0 to 117 mgm per 100 gm with an average of 
50 They find that 95 per cent of the glutathione is in the reduced 
form. 

Hieger (118), estimating by Tunnichff’s method the glutathione, 
concludes that the glutathione content of normal and neoplastic 
tissue IS essentially the same. Bierich and Kalle (123) show that e 
absolute glutathione content of tumors fluctuates markedly ® 
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subject IS therefore in a somewhat diaobc state and more work is 
needed before a definite answer can be given to the influence of 
glutathione on cancer 

Much recent work has been done on the reaction of tissue cells in 
general and malignant cells m particular The pH of the blood in 
cancer does not matenally differ from normal ( 124) (125) Chambers 
and his assoaates (126) have recently shown that the pH of normal 
tissue vanes from 6 9 for the cytoplasm to 7 5 for the nucleus 
Woglom (127) determined the pH of vanous tissues and finds that, 
whereas muscle is 6 31 and subcutaneous tissue 7 05, the Flexner- 
Jobling rat caranoma showed a pH of 7 11 and the Crocker rat 
sarcoma No 10 a pH of 6 95 Hardc and Danysz (128), using Rous’ 
vital staining method, conclude that the pH of mouse sarcoma S 37 
and mouse caranoma 63 lies between 5 8 and 6 2 If this work can 
be confirmed, and if the reaction of tumor tissue is actually below 6, 
It nould be of very great interest m view of the fact, which will be 
discussed later, that the glycolytic power of mahgnant cells, and in 
a sense, therefore, their ability to hve, ceases at approximately this 
point 

Blair Bell and his assoaates (129) (150) (125) find that the phos- 
phatid content of malignant tissue is raised and that the phosphatid- 
cholesterol ratio is higher in neoplasms than in normal tissue, and 
he points out that, whereas diolestcrol favors a t>’pe of emulsion in 
which the internal phase is water, phosphatids favor a type of emulsion 
in which the external phase is water, and of course this latter phase 
system greatly faalitates tlic passage, and hence the availabihtj , of 
nutrient substances Tlie same increase in pcrmeabihtj is favored 
by a low calaum (131) such as is found in actively groiving cancer 
This observation of a disturbed phosphatid-cholestcrol ratio, however, 
remains to be substantiated Certain other physicochemical varia- 
tions from the normal have been observed (132) (125) but tlieir prac- 
tical significance is not entirely dear The clectncal conductivity of 
cancer tissue has been shown to be increased (133) (131) (135) 
Grant (135) has shown that the conductivity of tumor tissue ap- 
proaches that of N/10 HCl Tnckc (136) docs not find a consistent 
increase in tlie coiiductivnty , Uiough he finds tlie electrical capaaty 
increased in all cases 
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been obtained in this laboratory that the acids mentioned by Freund 
and Kaminer are not toxic in vitro for mouse carcinoma. 

The most interesting work of recent years in the chemistry of 
carcinoma has come from the laboratories of Warburg (153) (154) 
and his associates (155) (156) (157) Warburg (158) in studying the 
gaseous metabolism of sea urchin eggs, noted, as others had done, 
that their oxygen consumption was very large, increasmg, as it does, 
six times at the moment of fertilization. Inasmuch as carcinoma 
is a rapidly growmg tissue with some superficial resemblances to the 
embryonic state, Warburg studied the metabohsm of the Flexner- 
Jobling carcinoma and found, much to his surpnse, that living cancer 
cells did not use up much oxygen, in fact, they used very httle. In an 
effort to overcome what he believed to be a technical error, he added 
sugar to the fluid medium in which his experiments were being made, 
and there then developed the fact, which has since been substantiated, 
that carcmomatous cells destroy sugar with great rapidity, either 
under anaerobic or aerobic conditions. It is on this general funda- 
mental thesis that Warburg and others have evolved a workmg 
classification of various tissues which marks off mahgnant disease as 
a type of growth differing on the one hand from normal adult tissue, 
and on the other hand from rapidly growing embryonic tissue War- 
burg’s determinations (159) (160) (161) were made, m brief, by placmg 
very small, very thin, bits of living carcinomatous tissue m a smtable 
chamber (essentially a modified Barcroft differential manometer) 
containing a modified Ringer solution with sodium bicarbonate and 
dextrose. The evolution of any acid in this medium will, of course, 
give rise to carbon dioxide which can be measured manometrically 
This gas, therefore, serves as a quantitative indication of the amount 
of acid formed The method is relatively simple and accurate 
By it Warburg has found that cancer tissue destroys approximately 
one-tenth of its dry weight of sugar each hour, and that it transforms 
this sugar into lactic acid 

Inasmuch as the fimdamental metabohc processes are an expression 
of the mode of life and growth of any tissue, it is by the qualitative 
and quantitative estimation of these processes that we may hope to 
arrive at an understanding of just what cancer is and how it behaves 
Pasteur first drew attention to the fact that some organisms live 
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aerobically and others live anaerobically, yet at the same time he 
pointed out there was no fundamental difference between these two 
modes of life, and we are daily coming more to an understanding of 
the degree to winch the tissues of higher organisms do — or can — hve 
under anaerobic conditions Meyerhof (162) has shown that muscle 
in contracting derives its energy from the hydrolysis of sugar We 
have, therefore, two large sources of energy (and hence life) m tissues, 
first, the aerobic combustion of glucose to carbon dioxide and water, 
and, second, the anaerobic glycolysis of dextrose to lactic aad It is 
the relative proportion of these two sources of energy of tissue that 
Warburg has concerned hunself with 

Certain definite facts have been brought out The anaerobic 
glycolysis of tumors and other actively growmg tissues is far more 
rapid than that of less active normal adult tissue Cancer tissue 
splits not only glucose but also galactose, fructose, and mannose 
The amount of glucose transformed into lactic acid, and hence to 
energy, obtamed by the tumor depends (o) upon the temperature, in- 
creasing with rising temperature, (b) upon the glucose content, rising 
again with rising glucose content, and (c) upon the pH of the solu- 
tion, the glycolysis reaching its maximum at a pH of about 7 8, and 
diminishing to almost a vanishing point at a pH of 6 Cancer 
tissue, therefore, with its formation of 10 per cent of its dry weight 
of lactic acid per hour, produces 100 times as much as blood, and 
200 times as much as the resting frog muscles, and still 8 times as 
much as a fully acting frog’s muscle 
The presence of available oxygen in an experimental medium 
depresses the glycolytic rate m all types of tissue, but it docs so most 
markedly m the case of normal adult tissue, where aerobic glycolysis 
IS practically wanting tVhen, therefore, tissue is transferred from 
anaerobic to aerobic conditions, we find that, if the veloaty of the 
splitting process is great and the respiration slight, then, on transfer 
to aerobic conditions, a greater part of the glycolysis will still go on 
If, on the contrarj , oxidation is great in comparison to hydrolysis, 
then the latter will cease to a large extent in the presence of available 
ox> gen Yeast u ith its low ox> gen consumption behaves in the first 
way, muscle wth its great oxj'gcn consumption in the second Wth 
muscle, transference into an oxygen containing medium brings about 
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been obtained in this laboratory that the acids mentioned by Freund 
and Kaminer are not toxic in vitro for mouse carcinoma. 

The most interesting work of recent years in the chemistry of 
carcinoma has come from the laboratories of Warburg (153) (154) 
and his associates (155) (156) (157). Warburg (158) in studying the 
gaseous metabolism of sea urchm eggs, noted, as others had done, 
that their oxygen consumption was very large, increasing, as it does, 
six times at the moment of fertilization. Inasmuch as carcinoma 
is a rapidly growing tissue with some superficial resemblances to the 
embryonic state, Warburg studied the metabolism of the Flexner- 
Joblmg carcinoma and found, much to his surprise, that living cancer 
cells did not use up much oxygen , in fact, they used very httle. In an 
effort to overcome what he beh'eved to be a technical error, he added 
sugar to the fluid medium in which his experiments were being made, 
and there then developed the fact, which has since been substantiated, 
that carcinomatous cells destroy sugar with great rapidity, either 
imder anaerobic or aerobic conditions It is on this general funda- 
mental thesis that Warburg and others have evolved a working 
classification of various tissues which marks off mahgnant disease as 
a type of growth differing on the one hand from normal adult tissue, 
and on the other hand from rapidly growing embryonic tissue. War- 
burg’s determinations (159) (160) (161) were made, in brief, by placing 
very small, very thin, bits of hving carcinomatous tissue in a suitable 
chamber (essentially a modified Barcroft differential manometer) 
containing a modified Ringer solution with sodium bicarbonate and 
dextrose. The evolution of any acid in this medium will, of course, 
give rise to carbon dioxide which can be measured manometncally 
This gas, therefore, serves as a quantitative indication of the amount 
of acid formed. The method is relatively simple and accurate 
By it Warburg has found that cancer tissue destroys approximately 
one-tenth of its dry weight of sugar each hour, and that it transforms 
this sugar into lactic acid 

Inasmuch as the fundamental metabohc processes are an expression 
of the mode of life and growth of any tissue, it is by the qualitative 
and quantitative estimation of these processes that we may hope to 
arrive at an imderstanding of just what cancer is and how it behaves 
Pasteur first drew attention to the fact that some organisms live 
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aerobically and others hve anaerobically, yet at the same time he 
pointed out there was no fundamental difference between these two 
modes of life, and we are daily commg more to an understanding of 
the degree to which the tissues of higher organisms do — or can — live 
under anaerobic conditions Meyerhof (162) has shown that muscle 
m contractmg derives its energy from the hydrolysis of sugar We 
have, therefore, two large sources of energy (and hence life) m tissues, 
first, the aerobic combustion of glucose to carbon dio-nde and water, 
and, second, the anaerobic glycolysis of dextrose to lactic acid It is 
the relative proportion of these two sources of energy of tissue that 
Warburg has concerned himself with 
Certam definite facts have been brought out The anaerobic 
glycolysis of tumors and other actively growing tissues is far more 
rapid than that of less active normal adult tissue Cancer tissue 
sphts not only glucose but also galactose, fructose, and mannose 
The amount of glucose transformed into lactic aad, and hence to 
energy, obtamed by the tumor depends (a) upon the temperature, in- 
creasmg with nsmg temperature, (6) upon the glucose content, rising 
agam with rising glucose content, and (c) upon the pll of the solu- 
tion, the gljcol 3 ?sis reachmg its maximum at a pH of about 7 8, and 
dumnishmg to almost a vanishing point at a pH of 6 Cancer 
tissue, therefore, with its formation of 10 per cent of its dry weight 
of lactic acid per hour, produces 100 times as much as blood, and 
200 tunes as much as the resting frog muscles, and still 8 tunes as 
much as a fully actmg frog’s muscle 
The presence of available oxygen in an experimental medium 
depresses the gljcolytic rate in all types of tissue, but it docs so most 
marhedly m the case of normal adult tissue, where aerobic glycolysis 
IS practically wanting When, therefore, tissue is transferred from 
anaerobic to acwibx conditions, we find that, if the vcloaty of the 
sphttmg process is great and the respiration flight, then, on transfer 
to aerobic cond'Uons, a greater part of the glycolysis v/ill still go on 
If, on the contrary, oxidation r great In eompirison to hydrolysis, 
then the latter w3I cease to a large extent In the jiref/nce of available 
orvgta Yeast with its low oxygen tnnrumpflon behaves In the first 
tfiy, musde 71th its great oxygen coo'umpflon in the fccotid With 
t'ans'e^nce into an oxyym containing medium brings about 
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a virtual cessation of hydrolysis With yeast and with cancer cells, 
on the contrary, transference to an oxygen-containing medium has 
but little effect upon the magnitude of the hydrolytic change, for the 
respiration of cancer tissue is too slight to influence materially its 
power to split, by hydrolysis, glucose into lactic acid Under anae- • 
robic conditions, in benign tumors, the glycolysis is of the same order 
of magnitude as with malignant growths, and we have therefore an 
indication that there is no great fundamental difference between 
malignant and benign tumors; but, under aerobic conditions, the dif- 
ference becomes more marked and mahgnant tumors produce three 
or four times as much lactic acid per molecule of oxygen consumed 
as do benign tumors. Embryonic tissue, under anaerobic conditions, 
produces lactic acid in large amounts, in fact, as much as does tumor 
tissue; but, as we have noted above, the consumption of oxygen is 
very large m embryonic tissue and, consequently, the transference to 
a medium containing available oxygen results in the almost complete 
disappearance of the hydrolytic change The respiration of normally 
growing tissues again suffices to bring about a virtual disappearance 
of the glycolytic products If one calculates the number of molecules 
of lactic acid whose production has been inhibited by the consumption 
of one molecule of oxygen, one finds that for both normal and cancer- 
ous tissue this value varies between 1 and 2, and it is obvious, there- 
fore, that each molecule of oxygen consumed prevents the hydrolysis 
of from 3 to 6 molecules of dextrose. Meyerhof has shown that the 
same relation holds in the case of muscle. Now, if we calculate from 
observed figures the amount of energy obtained by oxidative mech- 
anism on the one hand and hydrolytic processes on the other, we find 
that nearly 40 per cent of the total energy of a tumor may come from 
the glycolytic process alone And it has been shown by Okamoto 
(163) that both the Rous sarcoma and the Jensen rat sarcoma could 
be kept ahve and viable under aerobic conditions, and Wind (164) 
has succeeded in cultivating Rous sarcoma in the virtual absence of 
oxygen The cancer cell, it would seem, does not need oxygen 
That the same marked glycolysis actually occurs m vivo has been 
shown by Tadenuma (165) and by Con (166) who observed that blood 
passing through a sarcomatous wing of a fowl lost more sugar than 
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that passing through a normal wing This observation has been 
amplified by Warburg (167) 

As regards the classification of cells, Warburg pomts out that normal 
adult tissues show a high rate of oiqrgen consumption and but little 
glycolysis, Tihile embryonic tissue shows both high respiration and 
high glycolysis under anaerobic conditions, but only slight glycolysis 
under aerobic conditions, and neoplastic tissue has a rather low respira- 
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AEROBIC 

CLYCOLYgia 

ai^aerobic 

CtYCOttSIS 
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Great 
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Great 


TABLE I 


tnsuE 

Qo, 

Om’ 
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Rat kidney 

-21 

+3 

-39 

Rat Uver 

-12 

+3 

-21 

Rat spleen 1 

-12 

+4 

-20 

Rabbit pancreas ! 

-5 

+3 

-7 

Dog pancreas 

-3 

+4 

-2 

Rat embryo (3 ingm ) 

-12 

+ 13 

-tl 

Hen embryo (1 7 mgm ) 

-10 

+20 


Rat placenta 

-7 3 

+14 9 

+0 3 

Nasal polyp 

-S 

+14 

+4 

Bladder caranoma 

-10 1 

+36 

+16 

Flcxncr Jobling carcinonm 

-7 

+31 

+17 

Rous sarcoma 

-5 

+30 

+20 

Retina 

-31 

+88 

+26 

Human skin caranoma 

-3 1 

+t3 8 

+7 7 

Human mammary cardnoma ! 

-2 6 

+11 1 

+5 9 


tion rate and a high glycolysis under both aerobic and anaerobic 
conditions (See table 1 ) 

In his general conclusions he has been supported by Rona and 
Dcutsch (168), Murphy (169), and Waterman (170) But Murphj 
nould classify the chonon as a malignant tumor and the spleen as 
embiyomc, and there arc even in Warburg’s oivn figures two notable 
exceptions to the general classification, nimclj , the gm\ matter of 
the brain and the rctma, both of whidi beha\ e ns malignant neoplasms 
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In an effort to eliminate these discrepancies Warburg (171) has 
resorted to a new value on which to classify tissues. He points out 
that when the Pasteur reaction functions at its maximum, exactly 
two molecules of lactic acid are suppressed when one molecule of 
oxygen is consumed, and on this basis he suggests as a new value 
“U,” which is the aerobic glycolytic rate when the Pasteur reaction 
is unrestricted by artificial experimental conditions Of course, this 
being a somewhat arbitrary and artificial figure, the value may be a 
negative quantity when the respiratory rate is so great as completely 
to overbalance the glycolysis 

In this recent paper (171) he gives the accompanying table (table 2), 
where Qo, is the respiratory rate, Q^m the anaerobic glycolysis, and U 
the “excess glycolysis.’’ 

He further notes in the same article that red blood cells yield 
positive values for “U” and so they, together with the retina, remam, 
for the present at least, as exceptions to the general rule 

These probably well established facts have been combated by 
Bauer and Nyiri, who claim that human carcmoma does not produce 
any more lactic acid than normal tissue. They find (147) that normal 
tissue produces from 0 to 1 87 per cent lactic acid per hour, and that 
carcinoma produces from 0 07 per cent m the cirrhous type to 2 3 
per cent m the more cellular types of stomach and breast carcmoma 
They further pomt out that in the figures of Rona and Deutsch (168) 
three of the human cancers, said to be composed entirely of neo- 
plastic cells, have anaerobic glycolytic rates of but 9.25, 7 9, and 13 25, 
which are far below those of Warburg for similarly composed animal 
tumors They conclude that cancer tissue produces scarcely any 
more lactic acid aerobically than normal tissue But Warburg (172) 
has pointed out that the amount of glycolysis depends, of course, upon 
the actual number of cancer cells and is, furthermore, very sensitive to 
changes in the medium One must, therefore, be cautious m drawing 
conclusions from human material, m which connective tissue stroma 
often IS far out of proportion to the actual malignant tissue Rona 
and Deutsch (168) confirm Warburg as regards human materia , 
though their results, it must be confessed, are lower than his Fur- 
thermore, Warburg and Stahl (173) have shown that the glycolytic 
rate of a human bladder carcmoma is of the same magnitude as t at 
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of animal tumors Biancheticrc (174) also confirms Warburg, though 
he finds that more glucose disappears than can be accounted for by the 
lactic aad produced It is further of interest that Con and others 
have found, as has been mentioned above (165) (166), that the lactic 
acid content of the blood is raised by passmg through a malignant 
process, and it would seem, therefore, that the increased glycolytic 
power of cancer tissue is also found in vivo It has been claimed 
by Waterman (175) that glycolytic power is also shown by cell free 
extracts of tumor tissue, but his results are not of the same order of 
magnitude as those of Warburg and for the present it must rest that 
this rather extraordinary hydrolj tic activity is a function of the living 
cell It has further been asserted by Dische (176) that the non- 
carcinomatous organs of caranomatous animals have a higher 
glycolytic rate than their counterparts from normal animals These 
observations an ait confirmation 

There is no question but that Warburg’s work is upon a firm founda- 
tion and it certainly offers a convenient starting point for the study 
of fundamental carcinomatous processes Yabusoe (177) has in- 
deed shown that certain dyes, as malachite green, crystal violet, cyanin 
and ethyl violet have a very marked depressant effect on the anaerobic 
glycolysis of the riexner-JobUng carcinoma, but there is but little 
evidence that these dyes in vivo have any deterrent action on the 
growth of cancer 

As regards the ongm of cancer, Warburg is very conservative 
He offers as a suggestion that some cells of normal tissue may have all 
the metabolic activities of neoplastic cells, and that these, under con- 
ditions of chronic anoxemia in ivhich the normal cells may be killed, 
possess suffiaent anaerobic glycolytic activity to allow them to 
dexelop into a malignant growth 

1 he field of the chemical metabolism of tumors lies open to those 
investigators who wish to study cancer, and great opportunities are 
afforded for the advance of the understanding of the fundamental 
process of growth 

Tim cnFMoinERAprusis of c,\ncer 

Many chemical substances, chiefly the heavy metals and the dyes, 
have been tried in the treatment of carcinoma (178) (98) (180) 
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The Egyptians and Arabians are said (98) to have used arsenic m 
the treatment of malignant disease, and this substance was em- 
ployed intermittently throughout the middle ages As late as 1913, 
Emil Fisher (181) advocated the use of an organic arsenic compound. 
More recently Sugiura and Benedict (182) showed that in animals 
arsenic had a slightly retarding effect on the growth of animal cancers. 
Iodine, silicon, iron, potassium, and calcium have all been advocated 
(98), but with none has any degree of success been attamed Sugiura 
and Benedict (182) have made an exhaustive study of the effects of 
various salts on the Flexner-Jobhng rat carcinoma, and they conclude 
that copper, arsenic, potassium, and calcium have a slight retardmg 
effect on the tumors, while magnesium accelerates the growth some- 
what and telurium and selenium have no effect on the tumor, though 
a marked deleterious effect on the animal Soiland (183) concludes 
that neither colloidal gold, colloidal copper, nor colloidal lead is of 
value Lewin (184) agrees so far as gold is concerned Gillettee 
finds (185) selemum too toxic Wassermann and Keyset (186) 
advocated for a time a selenium-eosin compound, and Kausch (187) 
used silver but found it very toxic. Copper, though advocated by 
several, was finally discarded after an exhaustive study by Weil (188). 

Fisher (189) claims beneficial results m animals with exposure to 
pure oxygen for eighteen hours after the treatment with copper or 
selenium Nakahara (190) (191) found increased resistance to trans- 
plantable tumors after intraperitoneal injections of unsaturated fatty 
acids. Numerous dyes have been tried (98) (180), and Roosen (192) 
has claimed beneficial results with isamm blue, and in this respect 
Yabusoe’s work on the influence of dyes in vitro may be recalled 
(177), but Simpson (193) failed to produce beneficial results with 
any of 33 coal tar dyes. For a more complete review of all the sub- 
stances that have been tried in combatting carcinoma, the reader is 
referred to the monographs of Kaminer (98) and Waterman (180). 

As long ago as Galen, lead was used in the treatment of carcinoma 
(98) It was agam advocated by Goulard m the eighteenth century 
(194) It remamed for Blair Bell of Liverpool to bring out a lead 
treatment which has aroused much interest Bell (195) (196) (197) 
(199) (200), startmg with the theory that the chorion is essentially a 
malignant tissue (195), attempted to isolate from the foetus (195) 
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the substance which he believed brought about the cessation of 
growth of the chonon and consequently normally prevented it from 
becoming a malignant tumor This search was unavailing, and he 
therefore turned his attention to the known abortifacients He 
remembered that lead frequently brought about abortion in animals 
and women, and he determined to try the effect of lead upion car- 
cinomatous tissue His theory for so doing depends essentially upon 
his conception of the chorionic epithelium as being fundamentally a 
malignant tissue, and in favor of this view he bnngs forward a certain 
amount of evidence According to his co-workers (196) (198) (201), 
the phosphatids of the chonon arc very high, as they are also in 
cancerous tissue He finds (198) the phosphatid content on the basis 
of dry weight to be 2 1 for normal tissue, 1 5 for benign tumors, 4 1 
for malignant tissues, and 6 8 for the chonon He further finds that 
the phosphatid cholesterol ratio is 2 5 for normal tissue, 2 8 for benign 
tumors, 3 9 for malignant tumors, and 4 7 for chononic epithelium 
Again he mamtains that the chorionic epithchum shows by Warburg’s 
classification a metabolism charactcnstic of a malignant tissue, and 
some support here is rendered by Murphy (169) But Warburg (202) 
has recently shown unequivocally that the chonon behaves like an 
embryonic rather than a neoplastic tissue Bell also believes cancer 
to be very rare in individuals suffenng from lead poisoning (198), but 
his figures m this respect have been vigorousl> combatted by the 
Medical Research Counal (203) He points out that lead is toxic to 
many normal tissues (brain, gonads, blood) and especially so to 
actively growing tissues He finds, for instance, that lead salts in 
small concentration will kill hyacinth bulbs, and that concentrations 
of 1 to 100,000 will prevent the germination of frogs’ eggs, whereas the 
adult frog can stand concentrations of 1 to 1000 (19S) Assuming, as 
he does, that “the primary metabolic factors assoaated with neo- 
plasia are the same in both t>T)cs (innocent and malignant) — indeed 
in all tjqies of grow th,” he builds up a logical basis for the "treatment 
of every malignant growth with preparations" of lead It may be 
objected that some of his facts need substantiation and that a sub- 
stance toxic for normal adult tissue in relatively small amounts is not 
ideal ns a chemotherapeutic agent against neoplastic di-'Casc on 
account of the almost certain narrow margin of safety He claims, 
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however (195), that lead concentrates in the cancerous tissue to a 
greater extent than in other tissues, except the testis. In this respect, 
Waterman (180) (204) does not agree, as he finds more lead in the 
normal tissues than in the cancer Martland (205) found no histo- 
logical evidence of the presence of lead in his human cases, nor did he 
find, on chemical analysis, that the lead was in greater amounts m the 
tumor The theory, however, is less important than the clmical facts 
Bell originally used inorganic and organic lead compounds, but 
finally came to employ colloidal lead This was prepared (195) (197) 
by Bredig’s sparking method in an aqueous solution (0 4 per cent) of 
gelatin and 0 027 per cent calcium chloride The final solution, as 
used, contained 0 5 per cent lead and is not stable, except for short 
periods of time. This colloidal solution was injected intravenously 
in doses of about 50 to 100 mgm over a period of weeks He advo- 
cates the removal, surgically, of as much of the tumor as possible, 
and cautions agamst the use of lead in tumors of the lung or hram, 
in obstructive jaundice, and in cases where the blood is anemic or 
when chronic nephritis, even of a slight grade, is present. His last 
published figures are as follows (197) : 


Admitted but died before treatment could be started 20 

Died before treatment could be completed 50 

Died of mtercurrent affections 5 

Died after treatment 106 

Too recent for results to be estimated 1^ 


Died as a result of extensive destruction of the tumor by lead ^ 

Complete treatment refused but patients leading normal lives ^ 

Disease completely arrested 10 

Believed cured 

As regards the direct effect of lead on the tumor, there is some 
difference of opimon Glynn (206) found no histological changes 
Fry (207), likewise, found no evidence suggesting the destruction of 
the tumor by lead, though he did find that the kidneys showed ex- 
tensive tubular degeneration Wood (178) (208), however, noted in 
animals marked necrosis of the neoplastic tissue and thrombosis of 
the vessels supplying the tumor, and others have noted apparent 
massive necrosis of human tumors (209) From a chemical an 
metabolic pomt of view it has been shown (125) that lead, mstead o 
decreasmg, actually increases the anaerobic glycolysis of tumor tissue, 
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while copper and zinc were shown to decrease it 17 and 33 per cent 
respectively 

It IS difficult to evaluate correctly Bell’s figures, because in his 
published reports details are scant indeed No doubt some cases have 
been benefited , how many, it is impossible at this time to say Other 
authors fail, however, to get such promising results as Blair Bell 
UUman (209) (210) found that when using colloid metalhc lead his 
patients nearly constantly suffered from lumbar pain, hematuna and 
acute nephntis, and that the hemoglobin fall was marked and rapid 
Tor these and other reasons, he changed to a colloidal lead phosphate 
— a very logical change in view of the fate of lead when mjccted into 
the body — and found that this compound was much less tone to the 
organism as a whole Ullman (209) (210) now advocates the lead 
phosphate and reports favorably on Us use Martland (205), pre- 
panng his colloidal metal in a different manner, reports that in 15 
cases there was only a temporary improvement, and he feels that no 
effect IS produced on the tumor unless thrombosis is brought about 
Wood (178), on the contrary, says, “For the first time a substance has 
been found that will arrest the growth of caremoma for a penod of 
from one to five years, and this in patients both inoperable and 
bejond the power of irradiation to effect a cure ’’ Stone and 
Carver (211) review the subject very completely and report their 
own results from the Mcmonal Hospital, New York Their lead 
colloid was prepared most carefully by a modified Bredig’s method 
and was stable over a considerable penod of time They found no 
senous immediate symptoms or senous after effects except anemia, 
and from this the patient rapidly recovered when lead was tempo- 
ranly omitted They saw appreciable regressions m four out of seven 
mammary cancers and in two a "temporarj cure ’’ There seemed, 
also, to be some benefit in three cases of osteogcnctic sarcoma and 
one case of Ewing’s tumor It is interesting in v lew of Bell’s original 
theory to note that the treaUnent failed completely in the case of a 
chonocpilhehoma of tlie vagina They conclude that lead docs not 
offer a general cure for malignant neoplasms, but that m mammary' 
cancer and ostcogcnelic sarcoma it may — cither alone or vnth s-ray 
— be of value Wood (212), working with rat tumors, finds evidence 
that lead increases the sensitivity of the tumors to x ray and ndvo- 



378 


HENRY JACKSON, JR. 


cates a combined treatment UUmann (200) joins in this recom- 
mendation. 

It is probably still too early to say whether or not lead will take a 
permanent place m the therapy of cancer More work will have to 
be done in a very carefully controlled manner and several years will 
elapse before the true value of the substance is known It can be 
said, however, that at the present writmg it is not a treatment to be 
attempted outside of a fully equipped and well organized research 
hospital under the charge of both expert clinicians and expert chemists 
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PLEURAL AND PULMONARY^LESIONS IN RHEUMATIC 
FEVER 

J0>1NR PAUL 

Tton il'cAytrCUmcalLohoraloryandthe A Mcdtcal Strvtcc of tht Pennsylvania Uosptlal 
PhMApha, Pcfins\hanta 

INTRODUCTION 

For almost a century Uic mam interest of the student of rheumatic 
fever has been centered upon the cardiac lesion, and justly so, for, as 
Lasegue has aptly said rheumatic fever is a disease which “heks the 
joints, the pleura and meninges but bites the heart” (1) Unques- 
tionably the most senous clinical manifestations of the disease arc 
cardiac in nature and furthermore the discovciy bv Aschoff in 1901, 
of specific rheumatic lesions in the myocardium has magnified the 
importance of the heart in this disease And yet by focusing our 
attention too closely upon a single organ or upon lesions in tliat organ, 
our conception of the pathogenesis of this condition may become one- 
sided, for after all, \\c realize quite fully that rheumatic fever is a 
generalized process of ashich the joint and cardiac lesions are merclj 
local manifestations From a pathological standpoint an apprecia- 
tion of the generalized nature of this process has perhaps found expres- 
sion in die w ork of Mosler (2) , and others before him, v.ho have bclic\ cd 
tliat rheumatic fever has a selective action upon serous membranes 
with which the heart happens to be hcaa il> endow cd Pappcnhcimer 
and Von Claim (3) alsoh ive rcccntlj stressed the generalized nature of 
this disease in emphasizing ‘he presence of specific rheumatic lesions 
in peripheral blood a essds and ha\ c called attention to "the fact that 
the palholog) of rheumatic infection docs not begin and end w ith the 
\schoff nodule ” 

1 hcpri sent rev icw w ill deal with the lesions in\ oh mg the respiratoiv 
tract which occur in rheumatic feacr Tlic'c also liaac rccciecd their 
share of attention in thepast,p!eunsa and pneumonia arc said to repre- 
sent complications of llic disease which ocair nest in frequena to the 
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cardiac lesions and they are discussed in almost every text book article 
on rheumatic fever Nevertheless, they are still somewhat ill-defined 
due possibly to the fact that although ■^ere have been innumerable 
chnical speculations as to the nature of the pulmonary disturbances 
which may be present, the lungs in active rheumatic fever do not seem 
to have been subjected to any very extensive pathological study This 
article is concerned therefore vuth the history of these rheumatic 
pulmonary lesions together with a review of some of the current 
chnical conceptions as to their nature, compared with some of the 
pathological findings which have been observed in the active stages of 
the disease 


HISTORICAL 

The early history of rheumatic fever has been reviewed in a number 
of well known articles on the subject (4) (5) (6) (7), to which the 
reader may be referred Furthermore the early recognition and 
development of our knowledge with regard to rheumatic heart disease 
has also been reviewed in Coombs’ treatise (8), and in a recent excel- 
lent article by Sacks (9) Lebreton (10), and Bezanfon and Weil (11) 
have both traced the beginnings of our knowledge of the pleural lesions 
but, apart from these last authors, the history of pulmonary lesions 
in rheumatic fever has received only passing attention, in spite of the 
fact that, although they were not defined, their existence was hinted 
at many years pnor to the discovery of the cardiac lesion. It may, 
however, be giving undue credit to the early observers, to assert that 
they appreciated the nature of the pulmonary lesions for evidently 
many of the symptoms such as cough and dyspnea, thought originally 
to be due to disease of the lungs per se, were actually pulmonary 
manifestations of a cardiac lesion, but at least the fact that 
in rheumatic fever fluid might accumulate in the pleural cavities and 
that the lungs might be correspondingly compressed was recogmzed 
many years prior to the recognition of the cardiac lesion 

The story of the early recognition of rheumatic fever as a disease 
entity and the growth of the idea that it inj’ured the thoracic viscera in 
some manner seems to be of sufficient interest to warrant a brief re- 
view It may be well to point out at the outset that the term rheuma- 
tism has always been more or less of an indefimte one, partly because 
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it already had a wide usage before it came to be applied to rheumatic 
fever and partly because rheumatic fe\ er is not a disease which can 
be readily and easily defined In fact the confusion which still 
easts in our generation with regard to the use of this term is perhaps 
sufficient to explain the difficulties which beset the earliest at- 
tempts to define rheumatic fever or acute rheumatism as a disease 
entity and to differentiate it from the hosts of conditions which it mav 
simulate Pnmarily the attempt wall not be made to sift through tlie 
earliest literature, i e , prior to the seventeenth century, although we 
do find isolated descriptions of pol> arthntis dating back to the tunc 
of Hippocrates In fact Hippocrates’ description, which is quoted 
from Chomel (12), of a type of arthntis which travels rapidly from 
joint to joint, might be very logically interpreted as referring to 
manifestations of rheumatic fever but the sjndrome was not given a 
name until centuncs later it had the misfortune to be called 
rheumatism 

It IS well known that the term “rheumatism” was domed from a 
much older term pef’Ma meaning a fluxion We frequently read m 
eatlv writings of a “rheum,” signifying a certain tvpe of catarrh which 
flowed from tlie brain into various regions of the body and caused 
pain and distress wherever it lodged but it is a little difficult to see 
at first how the term “rheumatism,” meaning, to be afflicted wath 
dcfluxions, came to be applied to the disease whidi now bears its name 

probable explanation which has been suggested, is that the rapidity 
witli which the symptoms traveled from one joint to another sug- 
gested that the disease flowed about the bodv 

To Guillaume Baillou or Billonius, a physician of Pans (1538- 
1610), is attributed the first use of Uie term rheumatism to desenbe 
acute polvartlintis (13) 'Plus autlior had in Ins earlj writings used 
the terra rficmiialismiis m the sense of Galen’s so called “rheumatic 
indisposition” by which he implied a certain weakness due to the loss 
of fluid from the hodj including blood or pus, but in Baillou’s famous 
treatise entitled De Rheumahsmo cl PlcurilnU Dorsalr, he cmploved 
the term ^uparurpds to describe a disease cliaracttnrcrl b> fev t r and 
polvartlintis which he believed could be differentiated from arthritis 
and gout ITcsajs “And although arthntis occurs in a smglt part 
this disease is that ’rheunntismus' vvhidi involves the whole body 
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with pain, tension and a keen sense of heat. He justified 

his application of the term rheumatism to this condition by stating 
that defluxions did not always start from the head, but there were 
also defluxions which could occur from the viscera to the external parts 
as was apparently the case in this disease He did not believe that the 
j'omt symptoms and the fever were the only manifestations of the 
disease, for he refers, in a vague sort of manner to be sure, to an in- 
volvement of the head, lungs, spleen and liver, and to “a disturbance 
and a corruption of the blood ’’ In that era, however, when the 
humoral theories of disease were in fashion it was probably quite 
natural to conceive of a condition such as Baillou’s rheumahsmus, as 
a generalized process which could readily circulate throughout the 
body and so we are hesitant to believe that our worthy author really 
had any clear cut conception of the damage which his disease inflicted 
upon the internal organs This treatise was first published m 1635, 
nineteen years after the author’s death With it appeared an article 
on pleurisy, but there is no suggestion that he had considered the 
existence of a relationship between the two 

However, the best of the earliest descriptions of rheumatic fever 
was that of Sydenham, published in 1676 (14), forty years after 
the appearance of the treatise by Baillou Sydenham’s ability to 
single out this disease and dififerentiate it from the host of condi- 
tions which it simulates may be attributed m some measure to the 
fact that he also recognized gout as a definite entity (15), quite dis- 
tinct from rheumatic fever Some intimation of his views on the 
subj'ect may be gained from the following extract which has been 
taken from Latham’s translation of the article on rheumatism in the 
Observationes Medicae (16) 

“This disease, when separate from tlie fever, is often called arthritis 
(gout) Nevertheless, it difiers essentially from that disease, as every one 
knows who knows the two diseases well This confusion may perhaps 
explain why it is that medical writers have passed so lightly over rheuma- 
tism, unless, mdeed, we choose to suppose that the long list of human ail- 
ments has lately been increased by a fresh addition ” 

1 Et quod arthntis est in parte aliqua, idipsum est iste ^eviiarurMis m toto corpore, 
dolore, tensione & calons acriusculi sensione 
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Whether Sydenham believed that the disease manifested itself 
only in the form of fever and joint symptoms, or whether be had any 
inkling of the frequentlj assoaated grave mternal manifestations is 
a point which we have attempted to analv ze It seems justifiable to 
assume that he was aware that the joint symptoms alone did not tell 
the whole stoiy but he was probably so anxious to identify the con- 
dition as a definite and distinct clmical entity, recognizable on the 
basis of polyarthritis that he has perhaps avoided, as far as possible, 
any statements with regard to vague and ill defined internal lesions 
which might serve to obscure the picture However, he surmounted 
his difficulties with a compromise by creating a special subdivision of 
the disease which he designated as “scorbutic rheumatism,” admitting 
in honest fashion that the term “scorbutic” was m some measure a 
subterfuge As an explanation of the use of this term, he says 

“That scurvy is rife and common in the northern countries, I admit, 
that It IS so common as is generally believed, I doubt Many of the cases 
of tlic so-called scurvy are cases of disease in tlie process of formation, many 
of disease imperfectly subdued 

“This applies to incipcnt dropsy as w ell as to departing gout The sa\ mg 
of the vulgar is as follows When scurvy ends, dropsy begins Now this only 
means that when dropsy has fairly shown itself by clear signs, the precon- 
ceived notion of a scurvy falls to the ground 

“Now, however great may be the difference between true rheumatism 
and true scurvy, there is a sort of die former disease which cannot be denied 
to approach the latter, both in respect to its symptoms and its cure, md tins 
I shall call scorbutic rheumatism The pains come sometimes in one part 
sometimes in another, they seldom occasion much suffering, seldom are 
attended wiUi fevers They arc less fixed to one spot, arc more erratic, 
and more uncertain, their accompanvmg snuptoms being anomalous, and 
disorderly also At times it afflicts this or that joint, at times the inward 
parts only ’’ 

Vanous interpretations may be put upon tlie above statements, 
certainly we cannot say that Sydenham appreciated the existence of 
the cardiac lesion but we cannot fail to note his appreciation of the 
fact that “inward parts” were affected and, to remark upon his timely 
insertion of what was at that time apparcnlK a popular phrase, \az 
"When scurv erds, dropsv begins" Ihe difficulties whicli confront 



the internist of today in his efforts to diagnose rheumatic fever in the 
absence of joint symptoms bear witness to the accuracy of Sydenham’s 
observations that under certain circumstances the disease is apt to be 
called by any name which happens to be the fashion 

Fifty years later we find Boerhaave referring to Sydenham’s de- 
scription as the best that he can find of Rheumatic Fever or Rheuma- 
tism, as it has been called since the time of Baillou Boerhaave 
included a section on Rheumatism in the fifth or last edition of his 
famous Aphonsms which appeared in 1737 (17) In it he adds little 
to Sydenham’s description but he makes the very definite statement 
that besides the joint symptoms, the disease invades '^sometimes the 
brain, lungs and bowels ” 

By the middle of the eighteenth century acute rheumatism must 
have been fairly widely recognized Subsequent authors (18) (19) 
succeeded in amplifying the disease picture with considerable vigor 
for it was becoming apparent that the condition was more common 
than was originally suspected, and not the least of its pecuhanties 
lay in its ability to give rise to “metastases” from the joints to the 
internal organs 

Storck laid great stress on this point and frequently refers to the 
“partly fixed and partly wandering” nature of the pain so that it 
“seizes the external, and at another time the internal parts ” Further- 
more we can detect the first definite intimation of the presence of the 
signs and symptoms of cardiac disease in the following statements 
“then the breast was oppressed, and the patients began to cough,” 
and again it “forms lymphatic tumors, which appear on the 

external superficies of the body, and upon bemg lanced, void a yellow 
visad serum, that may be inspissated by gentle heat tumors 

may be collected in the intenor parts” as, “the dissection of people 
who died in this malady has well evinced ” To corroborate these 
statements Storck has described the necropsy findings in three of 
his patients, as follows* 

“Three patients whose mterior parts were seized by this serum, which 
had been dispersed over the whole superficies of the body died of rheuma- 
tism In two of the bodies, a large quantity of yeUow, gluey matter was 
found between the membranes surrounding the lungs, and the lungs them- 
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selves, and the t\hole substance of the lungs s as compressed into a \cr> 
small space 

“In the third patient, the tumor of the limbs subsided, and a diflicult 
respiration followed, ivith a convulsive cough, which yielded to no remedies, 
so tliat the poor man being exliausted of his strengtli, died within fourteen 
daj s In the middle of the right lung, a sac was found which contained 5 
pounds of acrid y ellow scrum The otlier parts w ere sound” (19) 

The descnption of these necropsies are the earliest which w e hav e 
been able to find describing the thoracic viscera in cases of rheumatism 

Lettsora made a similar observation, although several years later 
(1787), in reporting upon the necropsy findings from a fatal case of 
acute rheumatism in a child of six (20), and in that instance was 
greatly impressed by the accumulation of fluid in the chest and peri- 
cardial cavities The lesions which these early observers have de- 
scribed are indeed comparable to those encountered in cases of cardiac 
decompensation assoaated with rheumatic carditis, m at least two of 
which, general anasarca seems to have been present In none of them 
however, can we assume from the descnption that the observer was 
really aware of the presence of a cardiac lesion However, with the 
incrcasmg frequency with which necropsies were beginning to be 
performed it was evident that the cardiac lesion could not long remain 
unnoticed and in fact it was only a year after the publication of 
Lettsom’s case that Davad Fitcaim is said to have first recognized its 
existence Pitcairn’s observ'ations were made in 1788 while he was, 
physician to St Bartholomew's Hospital in London, and a y car after- 
ward Edward Jenner also recognized, apparently quite independently , 
the presence of heart disease followang acute rheumatism 

We will not pursue further the story of tlic development of our 
knowledge of rheumatic heart disease for it has been amply reviewed 
by Sacks m a recent article to which the reader is referred (9), but wall 
ratlier concern ourselves for the moment wath the developing concep- 
tions of pleural and pulmonary lesions The Viennese physician 
Maximillian Stoll (1742-1787) was apparently quite impressed by 
tlie acaimulation of fluid in the pleural cavaty in assoaation wath car- 
diac disease and he is said to have been the first tospeal of ‘Theumitic 
pleurisy ” and '(rheumatic pcnpneumoni i" which he listed a-, one of 
three tyqics of pneumonia (21) (22) However, 1 e failed to dwell on 
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the nature of the pleural or pulmonary lesions, or to furnish us with 
any pathological descriptions so that subsequent French writers 
were not inclmed to put much reliance in his observations, made as 
they were, before the days of accurate physical diagnostic methods 
Nevertheless it is quite evident that Stoll was aware of the presence of 
a disorder mvolving the pleura and lungs which occurred during the 
course of acute rheumatism 

It is to the French school that we owe the early development of our 
conception of the pleural lesions The best known of the earhest 
treatises is the “Essai sur le Rhumatism" by Chomel (23), published 
in 1813 at a time when he and Louis were fellow pupils in Pans He 
mentions pulmonary rheumatism but speaks with caution of the 
relationship which the lesions in the lungs bore to disease of the joints, 
saying “Once we considered inflammation of the pleura or lung which' 
follows rheumatism and seems to cease on its return as rheumatismal 
but today we regard them as different affections ” 

In spite of the caution with which Chomel treated the subject of 
rheumatic pleurisy it soon became accepted as one of the manifesta- 
tions of the disease and is freely discussed as such by BouiUand (24), 
and Gnsolle (25). Grisolle stated that mflammation of the pleura 
which was associated with the cardiac lesion was quite common al- 
though pneumonia on the contrary was very rare 

Following closely upon the heels of these French observations came 
a series of English studies which found expression in the Lectures 
of Peter Latham, published in 1845 (26) and in Fuller’s Treatise on 
Rhemnahsm, 1854 (27) These authors went several steps beyond 
the cautious viewpomt of the French with regard to the extent of the 
pulmonary lesions m rheumatism, and defimtely championed the con- 
cept of Rheumatic Pneumonia as part of the general disease picture 
We should emphasize, however, that Dr Latham’s impressions about 
the lungs, which have been widely quoted, were based essentially 
upon chnical observations and the lesions which he listed represented 
his mterpretation of chmcal signs rather than an intimate knowledge 
of the lesions themselves In speaking of the pulmonary comphca- 
tions he says. “Such forms of pulmonary inflammation are portentous 
ingredients in the chnical history of acute rheumatism, and give a 
fearful interest to it ” He laid great stress upon the frequency with 
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which tile lungs are involved, ‘‘in all the several structures of which 
they are composed,” stating that the diseases which result arc bron- 
chitis, pneumonia and pleurisy The incidence of tliese conditions in 
his senes of 136 cases is given as follows the heart was inflamed in 90 
and the lungs in 24 or (17 per cent), of which 4 were bronchitis 18 
pneumonia and 2 plcunsy As wall be shown later this is a very low 
figure for the incidence of plcunsy but the author admits that pneu- 
monia ma> have ‘‘aeiled the presence of plcunsy” (26) 

Fuller (27) also pointed out the frequenc> with which inflammation 
of the lungs and pleura occurred, particularlj in those cases where the 
pencardium was involved, altliough he did not believe tliat the disease 
spread to the pleura by contiguity In his senes of 246 cases of acute 
rheumatism, pulmonary lesions are recorded in 41, bronchitis was 
noted in 13 instances, pneumonia in 26, and plcunsy in 13 However, 
these percentages were also based upon clinical observations and tlic 
high incidence of pneumonia is not shown by the findings in Fuller s 
senes of 16 necropsies which appears in the same treatise In tlic 
necropsicd cases, pneumonia is recorded twice, plcunsy five times and 
brondutis once Somethmg of a discrepancy between these figures 
and the clinical ones is at once apparent 
LaOiam's and Fuller’s statistics have now been published for more 
tlian seventy five y cars and it seems hardly necessary to devote quite 
so much space and time to them when we consider that more accurate 
statistics are now available, were it not for the fact that thev have 
been so widely quoted in the literature as standard figures on the 
incidence of ‘‘rheumatic pneumonia ” Tlic contnbution which these 
autliors made to this subject was very appreciable altliough it wais 
essentially that of calling attention to the prev alcneo and the impor- 
tance of pulmonan involvement m rheumatic fever ratlier than to 
specify ing the exact nature of these conditions and the frequency of 
their occurrence An analysis of their results shows that the main 
claims whicli they made were, not that plcunsy wasprcsentin 16 to 19 
per cent of the cases, or that pneumonia was present in 10 to 12 per 
cent, but ratlier that they found physical signs hi tlie chest pointing 
to pleurisy or pneumonia in the above percentages 
Apparently it was not long before the discrepancv betw cen tlie dim 
cal and patliological findings vvatli regard to the incidcnec of lobar 
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pneumonia in acute rheumatism was detected and Ormerod (1858) 
(28) in discussing the pulmonary lesions in rheumatism says 

“On carefully looking over the records of dissection, the descriptions of 
the morbid appearances do not seem, on the whole, to represent the same 
results of pneumonia as would probably have been found in as many s im ple 
cases of this nature The terms congestion and softening and tlie equivocal 
expression splenisation (collapse) occurs more frequently than the explicit 
mention of red or grey hepatization ” 

The same skeptical viewpoint was taken by Vulpian (29) who says 
that the lesion spoken of as pneumonia appears to be a splenisation or 
“perhaps a simple collapse,” and later by See (30), who believed 
rheumatic pneumonia to be very rare Nevertheless the firmly rooted 
concept that rheumatic pneumonia was a common manifestation of 
the disease was not to be dropped lightly as is evidenced by the dis- 
cussion which appeared spasmodically dunng the years of 1860-1885 
in English and French literature (31) (32) (33) The German school, 
however, were not impressed with the idea that pneumonia was a 
prominent manifestation of acute rheumatism and in Lebert’s excellent 
monograph wntten in 1860 (34) he states with considerable firmness 
that pneumonia in rheumatism is rare, giving an incidence of 1 4 per 
cent in his clinical series of 140 cases He recognized on the other 
hand, the frequency of rheumatic pleurisy and gives an accurate 
description of it 

Our present conception of these lesions will be given in a subsequent 
section of this article and so we will not pursue their historical aspects 
further One other concept, however, seems to be worth considering 
in that it touches upon the problem of rheumatic pleurisy This is 
the development of the idea that rheumatic fever is a disease of the 
serous membranes essentially involving the synovial membranes, 
the pericardium and the pleura The idea is by no means a recent one, 
for more than a century ago observers noted the similarity between 
the tissues whicli are affected in this disease Early in the nineteenth 
century (1816) this thought had found expression in Balfour’s Obser- 
vations (35). He says 

“That m acute Rheumatism a phlogistic diathesis of the system prevails, 
admits not of doubt, and that there is an affection of either the muscular 
fiber, or of the cellular membrane, or of both, is equally certain 
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“The cellular membrane abounds evcryrrhere m the bodj . All 

the blood %essels receive a coat from it, from the Aorta, where it emerges 
from the heart, to the nunutest capdlary that enters a tendon ” 

Fuller in 1854 (27) also speaks of tins idea as follows 

"But not onlj does the rheumatic virus obey the general law of poisons, 
in that its action is not limited to an> one texture or organ of the bodv it 
furtlier resembles this class of agents m displajang a partialitj for a particu- 
lar texture and particular organs upon which it fixes in preference to othera 
Such a texture is the white fibrous tissue, which enters into the formation of 
the aponeurotic sheaths, tlie fasciae, the capsules of the joints, the ligaments 
and tendons, thefibro serous membranes m \ arious parts of the bod) The 
parts, therefore most commonly affected, are the joints and their surrounding 
structures, tlie xalvailar apparatus of the heart, and the fibrous serous 
covenng of the heart, the strong white glistening sac of the pericardium ” 

Fifty j cars later hloslcr (2) emphasized this same concept m tlic use 
of the term “Polyserositis rlicumatica,” adding the meninges and the 
peritoneum to the list of serous membranes which had already been 
mentioned 


RUEUitATIC PLEURISa 

It IS generally recognized today that next to cardiac involvement 
pleuns) IS the most common complication of rheumatic fev cr (36) 
In fact, as is also the case wath the carditis, it is questionable whether 
plcuris) should be regarded ns a complication ratlier than another 
manifestation of rheumatic disease of the siroiis membranes of which 
pericarditis, pleunsy and ev cn pentomtis arc examples (2) 

By the above use of the term pleurisy, a somewhat indefinite term 
to say the least, we mean rheumatic plcuris) , a specific tv pc of pleural 
involvement which may be as characlensticall) rheumatic as the 
pcncardial lesion This fact has not, however, been alwavs appre- 
ciated and is probably responsible for differences of opinion, for, of 
course, one cannot discuss plcuns) as a specific lesion of rheumatic 
fev cr unless we can at the same time eliminate other sources of pleural 
infection such as might result from anintcrcurrcnt bronchopneumonia 
and can also define just what vve mean by picuns), being careful to 
dificreiitiate pleural exudates from pleural transudates The occa- 
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sional difficulty which confronts the pathologist at the autopsy table 
in determining the actual presence of an inflammation of the pleura is 
sufficient to emphasize the difficulties which beset ttie clinician From 
the clinical standpoint the presence of pleural friction rubs accompan- 
ied by appropnate signs and symptoms may perhaps be accepted as 
useful critena for determimng the presence of a certain type or stage 
of inflammation of the pleura and it has been upon the interpretation 
of such signs as these that most of the statistics have been compiled 
However, the variables which enter the problem of making a clinical 
diagnosis of pleurisy are very appreciable When a pleural exudate 
becomes partially or wholly organized our ability to detect it by means 
of physical signs is seriously impaired. If an effusion develops it 
probably cannot be detected until it has reached a certain size and 
furthermore the mere presence of fluid in the pleural cavities as shown 
by auscultation and percussion or by roentgenograms of the chest is 
again insufficient evidence upon which to base the diagnosis of pleurisy, 
particularly in rheumatic fever, for the frequent presence of transu- 
dates assoaated with a failing circulation may leave us in doubt as to 
the nature of the fluid present These factors are in some measure 
responsible for the discrepancies which exist among clinical statistics 
on the mcidence of pleurisy in rheumatic fever which have been hsted 
by various authors, as follows* Lebert — 10 per cent, 1860 (34), Garrod 
— 15 per cent, 1890 (4) , Pribram — 3 per cent, 1899 (6) , Mosler — 14 7 
per cent, 1910 (2), Roily — 2 4 per cent, 1920 (37), Swift — ^5 to 10 per 
cent, 1927 (38) 

Nevertheless in spite of the difficulties of diagnosis, the clinical 
picture of rheumatic pleunsy can be defined It seems to occur either 
in association with polyarthntis or as an independent feature of the 
disease. According to Swift (36) it generally indicates a severe 
rheumatic infection, but occasionally is the chief evidence of a relapse 
in a patient who has had joint involvement weeks or months before 
Rarely it is the initial manifestation of rheumatic fever, although 
probably certain cases of so-called idiopathic pleurisy are rheumatic in 
origin It is often heralded by an intensification of the signs of general 
infection and in its early stages by the characteristic sharp, stabbing 
pain on inspiration, by rapid and shallow breathing, fnction rubs and 
other classical physical signs of the presence of a fibrinous exudate on 
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the pleural surface These signs may persist for several days or even 
wcehs but, as a rule, the so called dry pleurisy is followed witlun 
twenty-four to forty-eight hours by the accumulation of fluid in the 
pleural cavity which may persist for varjnng periods of time In the 
absence of fluid the acute pleural inflammation is followed by organiza- 
tion of the fibrinous exudate and adhesions between the vnsccral and 
panetal pleura Induration and thickening of the pleura similar to 
the findings noted in tuberculosis of the pleura have apparently not 
been observed — Roily (37) 

Fibrinous pleunsy or what might be termed “dry pleurisy’’ is not a 
frequent finding at necropsy, but the commonest manifestation is 
that of pleunsy with effusion This we have encountered m more than 
half of the active fatal cases which t\e have studied As we have 
already stated, the factors which contnbutc to tlie accumulation of 
fluid m the pleural cavity m rheumatic fever are multiple but our 
studies have convinced us that inflammation of the pleura play s a 
leading r61e in this process, for the amount of fluid exudate and its 
character, seems to be closely related to the degree of pleural involve- 
ment In general the pleural inflammation resembles that of the pen 
cardium The usual picture atncaopsy is to find the lungs moderately 
compressed particularly in their dependent portions and ov cr these 
areas the pleura appears slightly opaque Closer inspection often 
reveals the presence of a fine, thin film of fibnn on the surface, or, as 
the process advances in extent, and particularly in those cases in which 
the amount of fluid in each pleural cavity exceeds a liter we may find 
the presence of a thick, fibnnous exudate on both panetal and visceral 
pleura Subsequently , organization of the fibnnous adhesions occurs 
and this process may be encountered in all stages A common finding 
is that of an obliterative pleunsy associated nth the combination 
of loose fibrous and fibnnous tissue givang nsc to fairly soft, white 
adhesions whicli often enclose loculated areas of fluid As with many 
inflammations of the pleura cv’cntual disappearance of the exudate 
occurs and old fibrous adhesions arc left as landmarks of the previous 
lesion We have not encountered, however, a really thicl ened hy a- 
linizcd pleura analogous to the picture seen so frequently in the older 
stages of tuberculous pleunsy 

Histo’ogically the appearance of this lesion again recalls the picture 
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of rheumatic pericarditis It is characterized primarily by changes m 
the pleural endothelium causing metaplasia and eventual death and 
desquamation of the endothelial cells This is accompaniM by a 
characteristic type of severe, chronic, non-suppurative inflammatory 
reaction throughout the subpleural layers Subsequently we have 
evidences of healing, but the process of repair is indeed a slow one 

Unfortunately this picture is not sufficiently illumiilatmg to tell 
us the nature of the rheumatic lesion of the pleura, although it evi- 
dently IS an example of the selective manner in which this disease 
manifests itself upon serous surfaces We still do not know whether 
this process is a lesion of the pleura per se, starting pnmanly in the 
endothelial lining cells or whether it is a surface manifestation of a 
deep seated although less prominent pulmonary lesion Besanfon 
and Weil (11) in employing the term “cortico- pleurite'' in rheumatic 
pleurisy have endeavored to emphasize that the pleura and subpleural 
layers are involved 

Furthermore we do not know whether the pleural lesion represents 
an extension from the pericardial lesion or is an independent lesion 
There seems to be little doubt, however, that rheumatic pleunsy bears 
some relationship to the cardiac lesion and many authors have called 
attention to the high incidence of pleural involvement associated with 
pericarditis Roily’s figures on the chnical mcidence of pleurisy and 
pericarditis are interesting in this respect From a series of 3620 
cases of acute rheumatic fever, disease of the serous membranes was 
noted in 140 cases or 3 9 per cent Pencarditis was present in 115 or 
3 2 per cent Pleurisy was present in 88 or 2 5 per bent, whereas both 
pericardium and pleura were mvolved m 44 instances (37) Further- 
more, although the condition is often bilateral, rheumatic pleurisy 
has been said to occur more frequently on the left side than on the 
right due probably to the proxinuty of the pericardium Roily 
observed 32 instances of pleunsy on the left side as opposed to 16 on 
the right However, Lange, quoted by Garrod (4) , noted in a series 
of 125 cases of pleunsy occurnng in rheumatic fever, that it was 
bilateral m 60, unilateral on the nght side in 49 cases, and on the left 
m 16 The more frequent occurrence of pleurisy with effusion on the 
nght side as opposed to the left has been our experience It has been 
said that pleurisy may develop without carditis but this is hard to 
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prov c Hov. ever, «i a senes of thirtj necropsied cases in all of w hich 
death occurred dunng the act^^ c stage of rheumatic fever, u e have 
recently observed four instances of active fibnnous pleuris)' occurnng 
in the absence of an active pencarditis It is evident none the less 
that the pencardial and pleural lesions arc closely related bj’ vnrtue of 
their proximitj and bv virtue of the fact that thej appear in the same 
general type of tissue, but from tlie data at hand we feel that the 
paths of infection through which the pleura becomes involved cannot 
be satisfactorily traced, particularly as we do not know the nature of 
the infection wath which we have to deal In any event, our recent 
knowledge of the wadespread distribution of rheumatic vascular 
lesions tliroughout the body involving the penphcral arteries and 
arterioles, makes it easier to conceive of the pleural lesions as part of 
a generalized process without postulating that the disease must hav e 
spread by direct extension from the pencardium 
Pleural Jltttd The accumulation of fluid in the pleural cavaly is al- 
most constantly associated with rheumatic plcunsy Associated with 
Its presence we have, of course, varying degrees of jnilmonary com- 
pression which exert a very' definite influence upon cardio respiratory 
function These effusions accumulate quickly and arc said to be 
absorbed or to disappear relativ'ely quickly’ From a purely tliera- 
peutic standpoint they seldom require aspiration 
Tlic factors whidi contribute to the accumulation of fluid or exudate 
in the pleural cavity in rheumatic fever arc cvadcntly multiple and 
as a result, tlie character of the fluid may present v'ety' wade differ- 
ences Paramount among them is the extent and activity of tlie 
rheumatic inflammatory' lesion of the pleura In some instances this 
inflammation may be supplemented by' mechanical irritation of the 
pleural surfaces, as tlie result of an enormously' enlarged pencardial 
sac Among other factors, the presence of generalized edema as'xi- 
ciatcd wath cardiac insufiiaencv of course exerts a profound influence 
upon the amount as well as the character of the fluid Tlie presence 
of pulmonary infarcts which arc not uncommon in rheumatic carditis 
mav' play' a rile in this process and finally a supenmpo'td or inttr- 
current pulmonary mfecUon niiy well exert an iITtct upon the accu- 
mulation and diar ictcr of the pleural exudate ITiis multipliatv ol 
etiological factors mal cs it imperative that we should be more or lets 
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familzaV with the state of affairs within the thorax before attempting 
to study this fluid 

The typically rheumatic sero-fibrinous pleural exudate appears as 
clear or shghtly turbid, straw colored fluid and within an hour after 
withdrawal, a dense coagulum usually forms in which cells are en- 
meshed, leaving a clear, serous fluid One is perhaps more impressed 
with gross evidences of the fibrin content of this fluid at the necropsy 
table than at the bed side for a glance at the open chest will reveal the 
presence of small flecks or strings, or in some instances huge masses, 
which may be either floating or deposited upon pleural surfaces As 
most of these masses are too large to penetrate the lumen of the 
ordinary trocar they do not appear in the usual specimen obtained 
by aspiration 

In young children we have noted on several occasions the presence 
of an hemorrhagic effusion in the pleural as well as the pericardial 
cavities 

Our knowledge of the chemical constituents of these pleural exu- 
dates is relatively shght Bezangon and Weil state that they are rich 
in albumin and that they give a positive Rivalta reaction ^ They 
record a series of determinations on the amounts of fibrin which have 
been found in samples of rheumatic pleural fluid as compared with 
others which have been found in effusions of tuberculous origin and 
transudates which have occurred in cases of cardiac decompensation 
Their figures show that there is a shght similarity of fibrin content, 
between the effusions from the first two types of cases in this series 
At the same time the authors emphasize the fact that their results 
give a very inaccurate conception of the total amounts of fibrin present 
for the figures only represent the fibrmogen which is in solution without 
giving any conception of the amount of fibrin which may have been 
precipitated upon the pleural surfaces 

We know comparatively httle with regard to the physical chemistry 
of these fluids, the t3^es of proteins which they contain, their non- 
protem elements or electrolyte content 

Microscopic exarmnation of a film of the sediment from such an effu- 

® The Rivalta reaction has been used as a test for distinguishing between exudates and 
transudates, a positive result signifying the former For a brief review of the hterature 
on the subject the reader is referred to Wells’ Text Book of Chemical Pathology (39) 
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Sion shows moderate numbers of poljmorphonu clear cells, some 
lymphocytes and desquamated endothelial cells from the pleura 
Ravaut (40), Bezanfon and Weil (11) and other Frendi authors ha\e 
laid great stress upon the presence of endothelial cells in this tj^ie of 
fluid “La cellule endothOiale cst I’clcment charactenstique do la 
pleuresie rhumatismale ” These arc found as single cells or in sheets 
and their relatis e incidence is said to varj' for they may be greatlj 
outnumbered by neutrophilc pol 3 oiuclears or IjTnphocytes during 
acute or subacute stages of the lesion Sabrazes (41) has studied 
these fluctuations which may be observed in the differential counts of 
the cells m the pleural fluid at different stages of the disease 

Innumerable bacteriological studies has c been made on the pleural 
exudates in rheumatic fever These have been reviewed bj Singer 
(42), Pnbram (6), and Roll) (37) The great majority haac yielded 
negative results Occasionally organisms, representing for the most 
part different types, have been isolated but tlie findings do not lend 
tliemselvcs to ready interpretation In our own experience we have 
repeatedly failed to demonstrate or isolate bacteria from this fluid 

VASCULAR LESIONS 

Besides the pleural involvement another specific pulmonary mani- 
festation of rheumatic fever occurs m the form of slight changes in 
and about the v esscl w alls Tlicse lesions liav e prov cd to be of sucli 
importance in the lung that a brief review of Uieir general history 
seems warranted 

Accurate histological descriptions of tlie v’ascular lesions in rheuma- 
tic fever represent a comparatively recent contribution, although for 
many y ears clinical and gross pathological observ ations on so called 
rheumatic aortitis hav c been prominent particularly in T rcnch medical 
literature ® llie first histological dcscnptions of Uiesc lesions hav c 
been attributed to Klotz who rcportcilhis studies in 1912 (43) A few 
y ears prevaouslj , how ev cr, ( 1909) Coombs (44) had noted tlie presence 
of lesions in the adventitial lavers of the ascending portion of the 
aorta and reraarhed upon their similanty to the spcafic lesion or 
Asclioff bodies of the myocardium Coombs was of the opinion that 

* For a rev lew of thu lileralure stc and \\ <x\ (4 >) 
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f&nulis-i* With, the ststc of sff&irs within the thomx before s-ttempting 
to study this fluid 

The typically rheumatic sero-fibrmous pleural exudate appears as 
clear or slightly turbid, straw colored fluid and within an hour after 
withdrawal, a dense coagulum usually forms m which cells are en- 
meshed, leaving a clear, serous fluid One is perhaps more impressed 
with gross evidences of the fibrin content of this fluid at the necropsy 
table than at the bed side for a glance at the open chest will reveal the 
presence of small flecks or strings, or in some instances huge masses, 
which may be either floating or deposited upon pleural surfaces As 
most of these masses are too large to penetrate the lumen of the 
ordinary trocar they do not appear in the usual specimen obtained 
by aspiration 

In young children we have noted on several occasions the presence 
of an hemorrhagic effusion in the pleural as well as the pericardial 
cavities 

Our knowledge of the chemical constituents of these pleural exu- 
dates is relatively slight Bezangon and Weil state that they are rich 
m albumin and that they give a positive Rivalta reaction ^ They 
record a senes of determinations on the amounts of fibrin which have 
been found in samples of rheumatic pleural fluid as compared with 
others which have been found in effusions of tuberculous origin and 
transudates which have occurred in cases of cardiac decompensation 
Their figures show that there is a shght similarity of fibrin content, 
between the effusions from the first two types of cases in this series 
At the same time the authors emphasize the fact that their results 
give a very inaccurate conception of the total amounts of fibrin present 
for the figures only represent the fibnnogen which is in solution without 
giving any conception of the amount of fibrin which may have been 
precipitated upon the pleural surfaces 

We know comparatively httle with regard to the physical chemistry 
of these fluids, the types of proteins which they contain, their non- 
protein elements or electrolyte content 

Microscopic examination of a film of the sediment from such an effu- 

* The Rivalta reaction has been used as a test for distinguishing between exudates and 
transudates, a positive result signifying the former For a brief review of the literature 
on the subject the reader is referred to Wells’ Text Book of Chemical Pathology (39) 
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Sion sliov s moderate numbers of poK morphonuderr cdls, some 
l)Tnpliocj tes and desquamated endothelial cells fmm the pleura 
Ra\aut flO), Btzanjon and Wu! (II) and other Trench •■uthors have 
laid great stress upon the presence of cmlothehal cc’Is in this ijqic of 
fluid “La cellule cndothelialc cat Tdement diarictcristiquc de la 
pleurCsic rhumatismale ” These arc found ns single cells or in ■•htets 
and their relative inadcnce is said to varj for thev mav be greatlv 
outnumbered In ncutrophilc polvnudca'-s or IvmpliocjUs dunng 
acute or subacute stages of the lesion Sibra/es ^-11) has studied 
these fluctuations whidi mav he observed in tlie ihffercnlial counts of 
the cells in tlie pleural fluid at different stages of the disease 

Innumerable bartcnological studies have been made on tlie pleura! 
c-vudalcs in rheumatic fever Tlicsc have been rcvacncd bv Singer 
(12), Pnbrnm (6), md Rollv (57) Tlie great majontj havejatlde-d 
negative results Occasionallv organisms, representing for the most 
part different ivpes, hav c been isolated but tlie findings do not lend 
themselves to reads interpretation In our om trti>c'icnce\vehave 
rcpc.itcdlj failed to demonstrate or isolate baclen? from this fluid 

V VSetTEVn LESIONS 

Besides the pleural involvement another specific pulmonan rruani- 
fe-station of rheumatic fever occurs in the lorm of slight chsngii in 
and aljoul the vessel walls These lesions have provtsl to be of such 
importance in the lung that a brief rcvitv'- of the r general li s*or> 
seems vvarrantcil 

\cairate hi'tological descriptions of the v .ascuhr Ics o is m rlie im ' 
tic fever rep'csent a tonp3r’’tivclj recint contnhutiaii, ,dU ough lor 
mans v ears clinical and gross patholog.cil obsi rvations on ■■»> e d’ed 
rheum''licrortitis have been proroii'ent [ artica!l"’i\ in 1 tenth rndical 
literature IIk first histn'ogital descnplion' of tl e^* !e' on' h, v < 
l'< 'n .’Itnbutisl to Klol’ shorejsortrslinssj nhesm 10)2 ^55/ \fc,v 
V ears p'cv iou«U hov ever, Coonabs (-1 1> h'd noteal the p's ee 

eif lesiOi’s in T'c adsi ititial hvc"s of the a<ctr, hng {m't on of the 
anna and 'ciu'-lcti open their ‘ mtl'n'v to the ‘qsmff hsio'- o' 
hofl iKylies of t' e mv otarviiur' ( oo 'bv wa* ot tl e op 'oon tl st 

•It a fti It* c' tl »l " at-'Lt w V rU 
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fauiiliaV with, tiie state of affairs within the thorax before attempting 
to study this fluid 

The typically rheumatic sero-fibrinous pleural exudate appears as 
clear or shghtly turbid, straw colored fluid and withm an hour after 
withdrawal, a dense coagulum usually forms in which cells are en- 
meshed, leaving a clear, serous fluid One is perhaps more impressed 
with gross evidences of the fibrin content of this fluid at the necropsy 
table than at the bed side for a glance at the open chest will reveal the 
presence of small flecks or strings, or in some instances huge masses, 
which may be either floatmg or deposited upon pleural surfaces As 
most of these masses are too large to penetrate the lumen of the 
ordinary trocar they do not appear in the usual specimen obtained 
by aspiration 

In young children we have noted on several occasions the presence 
of an hemorrhagic effusion m the pleural as well as the pericardial 
cavities 

Our knowledge of the chenucal constituents of these pleural exu- 
dates is relatively slight Bezanjon and Weil state that they are rich 
in albumin and that they give a positive Rivalta reaction ^ They 
record a series of determinations on the amounts of fibrin which have 
been found in samples of rheumatic pleural fluid as compared with 
others which have been found in effusions of tuberculous ongin and 
transudates which have occurred in cases of cardiac decompensation 
Their figures show that there is a slight similanty of fibrin content, 
between the effusions from the first two types of cases in this series 
At the same tune the authors emphasize the fact that their results 
give a very inaccurate conception of the total amounts of fibrin present 
for the figures only represent the fibrmogen which is in solution without 
giving any conception of the amount of fibrin which may have been 
precipitated upon the pleural surfaces 

We know comparatively little with regard to the physical chemistry 
of these fluids, the types of proteins which they contain, their non- 
protein elements or electrolyte content 

Microscopic examination of a film of the sediment from such an effu- 

- The Rivalta reacUon has been used as a test for distinguishing between exudates and 
transudates, a positive result signifying the former For a brief review of the htemture 
on the subject the reader is referred to Wells^ Text Book of Chemical Pathology (39) 
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Sion «ho;\"5 moderate numbers of poljmorphonudcar cells, some 
IjTnpliocj tes ind desquannted endothelial cells from the pleura 
Rasnut {dO) Ilezencon and Weil fll) and other Trench authors h i\c 
laid great stress upon the prc-uncc oi cndothclnl cclK in this t\ pe of 
fluid ‘ La cellule cndotliclialc est TiKment charactenstique de 1 1 
plcurcsic rhumatismale ” 'Tliesc are found as single cells or in sheets 
and their relatne inadencc is said to \ary for thc\ mav be greatU 
outnurahercel In ncutrophilc polynudears or hmphoejtes dunng 
acute or subacute stages of the le-sion Sabrarcs (41) has studied 
these fluctuations aihidi may be obseraeel in the differential counts ot 
the cells in the pleural fluid at different stapes of the disease 

Innumerable bacteriological studies hast been made on the pleural 
exudates in rhcum-'tic fcacr Tlic'c base been reeaewed b\ Singer 
(42), I’nbrani (6) and Rollj f37) The great ni.ajonti ban. aid Jed 
negtttiae results QccasionaU> organisms, repre^ntmg for the most 
part different tapes, liaae been iso! iled but the findings do not lend 
themsdacs to rcada interpretation In our o.m experience as c liaac 
repcatcdlj failed to demonstrate or irolatc b'Clcna from this fluid 

aAStuiAT irsioNS 

Ilcsidc' the pleural mamlacmcnt another 'pinjir pulmn lata ni’m 
fcst'tion of rhcumatir feacr occurs in the form of slieht changes in 
and about the aessc! i.alls 'n.ese lesions haae proacrl to be of <1 di 
imiKirtnncc in llie lung that a brief reaici, oi th''r gtnen! l'<!or> 
seems 1 arranted 

\cairati hislologirnl ilcscnptionsof l! eaa'cularlenoiis in rheuma 
tie feacr represent a comparatiaela rvcent en.iiributinn altheugb fir 
mena jrais cbniral and gro's patho'o,.icnl ob,sr%”tio'is o i ■^i-ca'lcd 
t!ictimattenorlilisli3ai.btuipiomiiKnliiaitia t-irq in 1 r< neb insvlica! 
litcnture’ Flic tir'l histological de-inplioiis of the c Its o”' liaat 
been ittnbuttal to Klotraalio rXiiorlrtlhisstuilicain 1912 ; A ftae 
acanprcaimish ,!tnnc\er (I'Wi t oo nbjMl’ IpJ noted *1 cp-e arc 
ot lesions in the dvintitial laaers of tie "ce g e'i tie 

no'ta a,id retiurl eel ui>o i tht,r stmil ‘rita to tr f s,>ee-ii c tfihi- p* 
Asehofl Ixxiits of the -T.accanhmi Co. 'mb" a scftheopiti in tlia! 
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familiaV with the state of affairs within the thorax before attempting 
to study this fluid. 

The typically rheumatic sero-fibrinous pleural exudate appears as 
clear or slightly turbid, straw colored fluid and within an hour after 
withdrawal, a dense coagulum usually forms in which cells are en- 
meshed, leaving a clear, serous fluid One is perhaps more impressed 
with gross evidences of the fibrin content of this fluid at the necropsy 
table than at the bed side for a glance at the open chest will reveal the 
presence of small flecks or strings, or in some instances huge masses, 
which may be either floating or deposited upon pleural surfaces As 
most of these masses are too large to penetrate the lumen of the 
ordinary trocar they do not appear in the usual specimen obtained 
by aspiration 

In young children we have noted on several occasions the presence 
of an hemorrhagic effusion in the pleural as well as the pericardial 
cavities 

Our knowledge of the chemical constituents of these pleural exu- 
dates is relatively slight. Bezan?on and Weil state that they are rich 
m albumin and that they give a positive Rivalta reaction ^ They 
record a senes of determinations on the amounts of fibrin which have 
been found in samples of rheumatic pleural fluid as compared with 
others which have been found m effusions of tuberculous origin and 
transudates which have occurred in cases of cardiac decompensation 
Their figures show that there is a slight similarity of fibrin content, 
between the effusions from the first two types of cases in this series 
At the same time the authors emphasize the fact that their results 
give a very inaccurate conception of the total amounts of fibnn present 
for the figures only represent the fibrinogen which is in solution without 
giving any conception of the amount of fibrin which may have been 
precipitated upon the pleural surfaces 

We know comparatively little with regard to the physical chemistiy 
of these fluids, the types of proteins which they contain, their non- 
protein elements or electrolyte content 

Microscopic exammation of a film of the sediment from such an effu- 

= The Rivalta reaction has been used as a test for distinguishing between exudates and 
transudates, a positive result signifying the former For a bnef review of the bterature 
on the subject the reader is referred to Wells’ Text Book of Chemical Pathology (39) 
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Sion shows moderate numbers of polymorphonuclear cells, some 
lymphocytes and desquamated endothelial cells from the pleura 
Ravaut (40), Beaanfon and Weil (11) and other French authors have 
laid great stress upon tlie presence of endothelial cells in this tj'pe of 
fluid “La cellule endotheliale est I’eltment charactenstique de la 
pleuresie rhuraatismale ” These are found as single cells or in sheets 
and their relative incidence is said to vary for they may be greatly 
outnumbered by nentrophile polynudears or lymphocj'tes dunng 
acute or subacute stages of the lesion Sabrazes (41) has studied 
these fluctuations which may be observed in the differential counts of 
the cells in the pleural fluid at different stages of tlie disease 
Innumerable bacteriological studies have been made on the pleural 
exudates in rheumatic fever These have been renewed by Singer 
(42), Pribram (6), and Roily (37) The great majority have yielded 
negative results Occasionally organisms, representing for the most 
part different tj'pes, have been isolated but the findings do not lend 
themselves to ready interpretation In our own experience we have 
repeatedly failed to demonstrate or isolate bacteria from this fluid 


VASCULAR LESIONS 


Besides the pleural involvement another specific pulmonary mani- 
festation of rheumatic fever occurs in the form of slight dianges m 
and about the vessel walls These lesions have proved to be of such 
importance in the lung that a bnef review of their general history 
seems warranted 


Accurate histological descnptions of the vascular lesions in rheuma- 
tic leier represent a comparatively recent contnbution, although for 
many jears chmeal and gross pathological observations on so-called 
r eumabc aortitis have been promment particularly in Trench medical 
iterature* The first histological descriptions of these lesions have 
ecn altnbuted to Klotz who reported his studies in 1912 (43) A few 

uts previously, howe\er, (1909) Coombs (44) had noted the presence 
aortTnnVr layers of the ascending portion of the 

\scholI bodieT^^f th sumlanty to the spcafic lesion or 

tt>em>ocardium. Coombs was of the opimon that 

For a roitwof thl5liuralures.t Bcanron and Weil (45) 
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the Aschoff body was essentially a lesion of the coronary artenes and 
for this reason was to be found only in that portion of the aorta which 
was supplied by the terminal branches of the coronary arterioles In 
discussing this point recently Sacks (9) stated the following 

“Inasmuch as the pulmonary artery also receives its blood supply 
from the coronary arteries, one would expect to find the specific lesions in 
the outer coats of this artery as well, though perhaps less frequently than 
in the aorta because of the comparative mfrequency of the Aschoff bodies 
in the right side of the heart ” 

As will be shown later in this article this prediction has been borne 
out by the findings in one or our cases 

We owe the most accurate descriptions of the aortic lesions to 
Pappenheimer and VonGlahn who have descnbed charactenstic 
dense, acellular, perivascular scars in the media associated with the 
presence of typical Aschoff bodies m the adventitia (46) Later these 
authors also descnbed (47) the presence of specific rheumatic lesions in 
the peripheral blood vessels including those of the lungs, aortic valve, 
kidney, penrenal and penadrenal adipose tissue, appendix epiploica 
of the sigmoid colon, ovary, testis, pancreas, etc They found these 
lesions m about 20 per cent of their cases, in most of these regions 
only isolated vessels were affected, but in the lungs in two of their 
cases practically every small branch of the pulmonary arteries was 
involved The lesions were charactenzed by the exudation of fibnn 
into and about the vessel, by destructive changes in the cellular com- 
ponents of the vessel wall, by a distinctive cellular reaction in the 
adjacent tissue and by the absence of thrombosis The acute lesions 
were followed by organization with or without the formation of new 
collateral channels vithin the thickened intima and occasionally within 
the muscular layer 

Rheumatic fever is not the only disease which can give rise to 
changes of this general type and the arteritis of several acute infections 
has been described by Wiesel and Lowy (48) and others Neverthe- 
less as our knowledge of this subject mcreases we are impressed with the 
fact that such changes are peculiarly prominent m rheumatic fever 

Main pulmonary aitery Atheroma of the pulmonary artery and 
its larger branches is a well known finding m cases of long standing 
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pulmonary congestion especially of nutral stenosis and correspondingly 
It IS a rather common necropsy finding not only in late but also active 
stages of rheumatism In one of our cases in uhich atheroma of the 
pulmonary arteiy had been noted grossly, imcroscopic scars u ere found 
in the wall similar to those which have been descnbed m tlie aorta (46) 
Typical Aschoff bodies were also found in the adventitial la> ers of the 
pulmonary arteiy as well as in those of the aorta (49), bearing out tlie 
prediction made by Sacks to which we have already referred 

Pulmonary arlcnes of moderate size Here the gross and histological 
picture of the lesion is not so striking as that exhibited by the main 
trunk or the arterioles Furthermore the picture does not seem to be 
particular!} specific in nature, rather recalling tlic changes which have 
been descnbed by Wiesel and Lowy (48) in the penpheral blood ves- 
sels in a V anety of acute infections such as influenza, etc The lesions 
arc only demonstrable histologically and arc charactenzed by slight 
evidences of cellular degeneration and proliferation in the intimal 
la}er The medial coat ma> be thickened, shelving irrcgulant} of 
Its architecture largely due to distortion, separation and splitting of 
the muscular and clastic fibers Thrombosis of tlie lumen is a rather 
uncommon finding 

Arterioles Perhaps it is because the changes in the tinv artenoles 
arc more easily detected than in those of larger calibre but in any 
event the vascular lesions appear to be most prominent here This is 
particular!} true of the vessel in which the lumen is about equal in 
diameter to that of a glomerulus As a rule we have either found 
man} pulmonaiy' artenoles mvolv cd or none at all and in our expcncncc 
such clianges have been noted in the lungs in from 20 to 40 per cent of 
the active cases HistologicaUv the process has been v ell described 
bv N onGlahn and Pappcnlieimcr (42) It seems to be csstntiall} a 
panarteritis in which all of the coats of the vessel suffer, although the 
most striking changes manifest thcmsclv cs in the intima and adv en- 
titia Frank obhtcrative endartcntis has been noted but in our cases 
WL arc not sure that the cvadcncc in favor of tlie cndartcntic cliange 
being rheumatic is wholly convancing for it is gcnernll} found in asso 
ciatioii wath puimonar} atelectasis, which might well be resixmsible 
for involutionary changes in the vessels 

Capillaries Altliough tlie walls of the alveolar spaces ma} often 
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be considerably thickened, particularly in those cases of mitral steno- 
sis or long standing chronic passive congestion of the lungs, the actual 
capillaries within them show relatively little demonstrable change 
apart from dilatation. 

As regards the vascular lesion in general we are struck by the fact 
that, as in the pleura, it is the endothehum which seems to be pnmarily 
involved and this endothehal lesion is associated with a characteristic 
type of subendothehal perivascular and even interstitial reaction 
That there is a relationship between this type of lesion and the well 
known Aschoff body of the myocardium admits little doubt, although 
the pulmonary artentis does not assume the classical picture which is 
shown by the coronary lesion 

LESIONS OF THE LUNG PROPER 

It would be difficult to assign any specific pathological picture to 
the lungs as a whole, in rheumatic fever. It would almost seem like 
an attempt to assign a specific pathological picture to the lungs in 
heart disease, or in some chronic infection in which there might be 
ample opportunity for the occurrence of a variety of insults to the 
respiratory tract For example, besides the processes which we have 
already descnbed, the following gross lesions of the lung proper may 
occur Chronic passive congestion, pulmonary edema, diffenng 
degrees of pulmonary atelectasis, pulmonary infarction, broncho or 
lobular pneumonia etc It is not only difficult to classify such a 
vanegated group of pulmonary lesions but they stand in sufficiently 
close relationship to those of the heart to make it difficult to discuss 
one without the other Nevertheless we can refer to the more impor- 
tant of these so-called complications. 

Pneumoma Pneumonia is recognized in a somewhat indefinite 
way, to be a severe although uncommon comphcation of rheumatic 
fever. Certainly bronchopneumonia and possibly lobar pneumonia 
may complicate rheumatic fever or its sequelae at any stage How- 
ever, as to whether this pneumonia represents a specific manifestation 
of rheumatic fever or is merely an intercurrent mfection, is still some- 
thing of an open question 

The uncertainty with regard to the interpretation of the physical 
signs which occur in the chest in rheumatic fever is probably responsi- 
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ble for the dearth of accurate statistics on tlie inadence of pneumonia 
occurnng m an active stage of rheumatic fever It is said to vary 
■widely in different >ears and different localities Apparently the 
original incidence figures of 11 to 13 per cent which were assembled in 
England dunng the middle of the past century by Latham (26) and 
Fuller (27) are high, whereas more recent German statistics arc quite 
low, such as those of Pnbram, who reports an inadence of 0 6 per cent 
(6) , and of Roily who reports 1 4 per cent (37) 

Nevertheless patients -with rheumatic fever and particularly those 
who are most senously ill may frequently exhibit a chracal picture 
which simulates lobar pneumonia These attacks may be heralded by 
a sharp nse in temperature, with increasing dyspnea, cj'anosis and 
increasing evidences of toxiaty Coughing is a pronounced and 
troublesome symptom, generally productive of rather tenaaous 
purulent or frothy sputum which is frequently blood streaked or even 
deeply blood tinged Furthermore areas of dulness to percussion, 
bronchial breathing and other physical signs indicatia e of pulmonary 
consolidation may be picked up in the chest dunng an attack Sucli 
attacks may be relatively transient or ma> last several weeks As 
a necropsy finding, howev cr, pneumonic consolidation has been said 
to be uncommon altliough there is some confusion on this point 

Tliaj cr (SO) has reported a statistical study upon a senes of twenty- 
five fatal cases of rheumatic fever selected from the necropsj senes of 
the Johns Hopkins Hospital The pulmonarj’ findings arc recorded 
although apparentl> they were not studied in detail Terminal 
pneumonia or bronchopneumonia was noted in 50 per cent of the 
cases 

Rabinowatz (51), who has recently discussed the question of “rheu- 
matic pneumonia,” has concluded tint probably a special type of 
pneumopathy, which is not a true pneumonia occurs dunng rheumatic 
fever, that it gcncrall} occurs in cases of pancarditis but may occa- 
sionally develop independently of artlintis or recent carditis He 
suggests that careful hislologic.il studies of the lungs in these cases 
should be made m order to determine whctlier a specific form of 
rheumatic pneumonia exists and whether or not Ascliofi bodies are 
present 

An interesting feature m this connection is the occurrence of vns- 
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cular lesions m the lung to which we have just referred. Eiman and 
Gouley have considered the relationship of this type of lesion to 
rheumatic pneumonitis in a recent report (52) and have described 
certain perivascular and interstitial lesions in the lung which they 
believe recall the structure of the Aschoff body. Whether or not this 
disease of the vessels may be associated with an actual pneumonia or 
pneumonitis is still something of a question, but we have, thanks to 
this discovery, a hitherto unrecognized lesion, which may be very 
widespread throughout the lungs 
In our attempts to define the diffuse lesion of the lung we have 
turned to the available necropsy material at our disposal and in a 
series of 30 cases have noted the following results* In more than half 
. of these cases there were evidences of a focal hemorrhagic lesion, 
rather widespread, involving mdividual lobules or groups of lobules, 
which might be interpreted as an early or hemorrhagic stage of a 
broncho or lobular pneumoma This was particularly common in 
children and m the cases under twenty years of age Later stages of 
t^ical bronchopneumonia, in which were observed scattered patches 
of confluent lobules showing gross evidences of gray hepatization, 
were noted in only about 10 per cent of the fatal cases Whether the 
first group of cases or those showing focal hemorrhagic lesions are 
actually manifestations of an intercurrent or terrmnal bronchopneu- 
moma in its ordinarily accepted sense is a question which we have not 
been able to answer for there are certain atypical features about the 
lesion which have served to differentiate it from the usual types of bron- 
chopneumonia, among the most important of which are the extremely 
hemorrhagic character of the intra-alveolar exudate, together with\ 
the difiSculty which has been expenenced in demonstrating the com- 
moner types of bacteria usually associated with bronchopneumoma 
A number of factors may, however, be responsible for this atypical 
picture, for, as we have previously emphasized, the lung may be already 
damaged as a result of chronic passive congestion, atelectasis, infarc- 
tion, etc Chnically this focal, hemorrhagic lesion is generally asso- 
ciated with fever and hemoptysis, but the degree of consolidation of 
individual lobules is probably not sufficient to give rise to very appre- 
ciable areas of dulness to percussion We have been inclined to beheve 
that pneumonic consohdation is not as important a factor in the 
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production of widespread physical signs which arc so frequently 
reported in these chests, i c , areas of dulncss and bronchial breathing, 
as are other factors, particularly that of pulmonara atelectasis 
It would seem then that secondary broncho or lobular pneumonia 
in its ordinarily accepted sense or certainly in tiie sense in winch it 
occurs in the course of certain acute infections such as measles or 
influenza, is not an outstandingly common finding in rheumatic heart 
disease The presence of bronchitis or bronchiolitis on the other hand 
proves to be an almost universal finding associ itcd no doubt with the 
ever present evidences of circulatory stasis 
Passuc congestion, atelectasis and infarction flierc are, of course, 
other non specific characteristic pulmonary lesions which occur wath 
great frequency in severe cases of rheumatic carditis The vanety 
of lesions of this type which occur can hardly be spoken of as being 
rheumatic, but their frequent presence has undoubtedly been in some 
measure responsible for the great confusion which existed for more 
than a century as to the interpretation of the physical signs in the 
chest in rheumatic fc\cr The lesions include Uie usual pulmonary 
manifestations w hich w e arc accustomed to associate w itli severe forms 
of carditis such as chronic passive congestion, pulmonary atelectasis 
due to a variety of causes, and pulmonary' infarction Although non- 
spcafic rheumatic lesions m tliemsclves, we should be aware of the 
fact that whatever injury the virus of rheumatic fever inflicts upon 
the lungs, such injury may be supenmposed upon lungs which arc 
already severely damaged this consideration should be uppermost 
in our minds as we attempt to reaaew the pulmon iry findings observed 
m fatal cases 

Coombs (S3) has laid great stress upon the influence whicli the 
rheumatic cardiac lesions may avert upon pulmonary structure and 
function In commenting upon Uic pulmonary effects of cardiac 
failure in association witli the ever present raitr.il disc,asc, lie empha- 
sizes the degree of stasis whidi may occur within the pulraonao arcu- 
latioii and which may be accompanied by a rise in pressure resulting 
in aOieroma of the pulmonary v csscls 

lie also emphasizes another lesion which so frcquintly jilays a r6h 
in the picture, namely, pulmonary atelectasis, a condition which is 
frequently encountered in the lower lobes of the lungs He beheves 
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tins to be generally due to compression of the lungs by the rapidly 
enlarging heart or to reflex immobilization of the diaphragm associated 
■with pericarditis and more rarely to the accumulation of fluid in the 
pleural ca'vity It is e-vndent that the physical signs of pulmonary 
compression are often erroneously mterpreted as evidence of pneu- 
monic consolidation. Coombs (53) may be quoted as saying 

‘'Dullness at the base of the left lung is an almost constant accompam- 
ment of the severest grades of acute carditis. Indeed, its extent is a useful 
index of the seventy of an attack Sometimes there is a narrow zone of 
dullness at the extreme right base also, but more usually it is limited to the 
left side In front it merges with the enlarged cardiac dullness Its lower 
axillary limit is formed by the stomach resonance, which sometimes rises 
abnormally high It begms to be noticeable some days after the onset of 
the attack, and reaches its maximum m about a week, declinmg slowly from 
this pomt as convalescence proceeds; it is only rarely that any relics of it 
remain permanently It is associated with dimimshed and tubular breath 
sounds, and the chief factor m its causation is massive collapse of the lung 
due to reflex inhibition of the diaphragmatic movement by pericardial 
inflammation ” 

It seems e'vident that in accord with the statement by Coombs the 
finding of dullness to percussion over the base of the left lung accom- 
panied by bronchial breathing, etc , has frequently led in these cases 
to the erroneous clinical diagnosis of pneumonia The presence of 
signs indicative of pulmonary consohdation has proved to be far more 
indicative of pneumonia if they are found on tlie right side than at the 
left base 

Our findmgs have been in confirmation with the ideas expressed by 
Coombs although it would seem as if the presence of pleural fluid has 
also played a very important r61e in the production of pulmonary 
compression at the bases Of almost equal importance has been the 
presence of an enlarged pericardial sac generally in association •with 
frank pericarditis One cannot over emphasize the relatively enor- 
mous size which tlie pericardium may attain particularly in the juve- 
mle cases, due either to the presence of pericardial effusion, or to the 
tbirk sero-fibrinous exudate of a pericarditis 'with associated edema 
of the sac wall. Dilatation of the heart may also play a r61e In the 
necropsy protocols one finds "with great frequency the follo'wing com- 
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ment descnbing this condition “On opening the thoraac canty the 
pencardial sac is found to be enormous almost filling tlie antcnor 
portion of the left chest The left lung is not visible being compressed 
and pushed upwards and posteriorly ” 

Pulmonary infarction is also recognized as an infrequent but definite 
complication whicli may occur during any stage of rheumatic fever 
but particularly in those cases m which long standing or old cardiac 
damagehaspavcd thewa> to the formation of mural thrombi Widal 
(5) refers to the occurrence of rheumatic phlebitis which might serve as 
a source of possible pulmonarj emboli 
Chrome passive congestion of tlie lungs as a result of impaired cir- 
culatory cffiaency is practicallj a universal finding m the severer 
grades of rheumatic carditis There is notliing particularly unusual 
about this process eveept perhaps the fact that frank pulmonaiy 
edema is as a rule an uncommon finding At necropsj most of the 
lungs while distinctly hypercmic appear dry rather than wet 

SUMMARL 

We have discussed tlie pleural and pulmonary lesions which occur 
in rheumatic fcNcr, which m the past have apparentlj received more 
attention from the clinician tlian from the paUiologist. They arc 
probably more common and perhaps of more significance than we ha\ e 
been hitherto led to belies c Among many features thej serve to 
emphasize the rather widespread effects of this disease, of wluch the 
cardiac lesions, or in fact the thoracic lesions, arc after all, but local 
manifestations 

We have remarked upon the fact that plcunsj, generally witli effu- 
sion, IS a relatively common legion of rheumatic fever, particul irlj in 
association w itli cases of carditis generally indicating a sev ere rheumatic 
infection It is perhaps another c,v ample of the selectiv c manner in 
whidi tins disease manifests itself upon serous surfaces As a rule it 
IS characterized by tlic accumulation of fibnnous exudate or of an 
effusion, wliidi, together with the enlargement of tlic pericardial sac, 
often widi frank pericarditis, is an injurious combination leading to 
wadespread compression of the lungs T his situation coupled wath 
cardiac embarrassment adds considcrablv to respiratoiy distress 
which is such a frequent svanptom in thisdiscasc 
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The presence of histological lesions in the walls of the pulmonary 
arteries and penvascular spaces has been confirmed as a finding 
encountered m about 20 per cent of a group of active fatal cases 
We have m this process a hitherto unrecognized lesion which may be 
widespread throughout the lungs 

Frank bronchopneumonia may occur as an intercurrent infection 
at any stage of rheumatic fever but it is relatively uncommon The 
question as to whether a specific form of rheumatic pneumonia exists 
has been discussed Many of the cases which we have had the oppor- 
tunity of studying at necropsy, particularly those occurring in child- 
hood have presented an acute focal hemorrhagic, lobular pneumonia 
exhibiting certain atypical features which might serve to differentiate 
them from the usual type of secondary pneumonia Sufficient evi- 
dence has not accumulated to maintain that this lesion is a specific 
manifestation of rheumatic fever although it seems to be a fairly 
characteristic finding 
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A STOIMARY OF PRESENT KNOWLEDGE OF TULARAEMIA' 

EDWARD FRANCIS 

Surgeon, U^gtemc Laboratory, United States Putdic Health Serrtce, TI ashington, D C 
DEriNITIO'T 

Tularaemia is an infecti6us disease caused by Baclcnntr Itilarcitse 
Pnmanlj it occurs in nature as a fatal bacteremia of wild rodents, 
especially rabbits and hares Secondanly it is a disease of man, trans- 
mitted from rodents to man by the bite of an infected blood sucking 
fly or tick, or by contamination of the hands or the conjunctival sac 
mth portions of the internal organs or with the body fluids of infected 
rodents, flies, or ticks 


UISTOR\ AND S-VNONYSIS’ 

Discovered by the United States Public Health Service, tularaemia 
has been elucidated from beginning to end by American investigators 
alone 

McCoy in 1911 contnbuted the first sacntific knowledge of the 
disease by liis descnplion of “plague like disease of rodents" i Inch he 
encountered in the California ground squiuels McCoy’ and Chapin 
in 1912 disco>cred the causative microorganism which they namctl 
Bacterium Itilarcitse after Tulare County', California, whence came 
principally the infected ground squirrels Tliey furnished serological 
proof of the infection in two laboratory workers 

Martin, an ophthalmologist of Aruona, had already called atten- 
tion, by correspondence in 1907, to li\c human cases occumng in his 
practice 

Ptarse in 1911 desenbed clinicallv under the title “insect bites” su: 
human cases whidi lie saw m Utah where the disease became [wpularly 
known as “detr-flv ft\cr ” 

* I^tureddwcred Wore The Ilarvo Soact) \ovembtr II, 192# 

• For bibliogniph) of 106 retcrenccs re I nrc», E. Il>jlor> ol lu'aretntj, Dc iansr 
Lectures, 1926-1927, Johns tloplans Umsc-sits 
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Vail, Wherry and Lamb of Cincinnati reported in 1914, under 
“Bacillus tularense infection of tbe eye” the first case in man to receive 
bacteriological confirmation by the isolation of the organism Wherry 
also isolated the organism from a wild cotton tail rabbit found dead 
Francis m 1919 and 1920, working in Utah, recognized the identity 
of “deer-fly fever” and “plague-like disease of rodents” and named the 
disease tularaerma on account of the presence m the blood of Back} win 
tvJarense He isolated the organism from seven human cases and 
from seventeen jack rabbits and, with Mayne, demonstrated the 
agency of Chysops dtscahs m transmission 
Parker and Spencer, working in Montana, reported m 1924 the 
agency of ticks, Dermacenior andersoni and Eaemaphysahs lepons- 
palustns in the maintenance and transmission of the infecton They 
demonstrated hereditary transmission through the egg of ticks 
Lamb of Idaho m 1923 used the phrase “glandular type of tick fever” 
in design atmg cases 

Thompson of Washington, D. C , m 1921 treated a market man who 
came to him complaining of “rabbit fever ” Anti-kdarense agglu- 
tinms determined the diagnosis 

Physicians, on reading the recent articles on tularaemia, have now 
looked backward and plainly recognized the chnical picture of the 
chsease in cases of lUness for which at the tune no descnption could be 
found to fit Persistence of anti-Mm ense agglutinins has proved the 
correctness of those observations and established the existence of 
tularaemia in Cahforma m 1904 (Johnson, in Anzona in 1907 (Mar- 
tm), in Ohio in 1908 (Simpson), m Missouri in 1909 (Brosius), in 
Idaho in 1914 (Lamb and Cromwell), m Illinois in 1914 (Kirkwood), 
in Wyoming in 1915 (Harris), in Virgima in 1920 (Davidson), and in 
Louisiana in 1923 (Kerlin) 

Ohara m 1925 described a disease of man m Japan contracted from 
dressing wild hares This was proven by Francis and Moore to be 
tularaemia 


GEOGRAPHICAL DISTRIBUTION 

Naturally infected human cases have been reported from W^ashing- 
ton, D. C and from thirty-nine states of the United States extending 
from tbe Atlantic to tbe Pacific Coast and from the Canadian to the 
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Mexican border Ti\ent>-five states were added to the list in 1923 
and 1926, five m 1927, and trvo in 1928 The disease w as described in 
Japan in 1925 No other country has recognized the infection 

ZOOLOGIC DISTRIBUTION IN NATURE 

(1) Ground squirrels, (2) mid rabbits and hares, (3) wild rats, and 
(4) nild mice have been found infected in nature niUi Bacterium 
tularensc 

(1) The California ground squirrel Citcllus hecchcyi Richardson 
nas the anunal in which McCoy discovered the disease in 1910 His 



original description was based on a study of forty two naturally 
infected ground squirrels 

(2) Wild rohhts and hares Colton tail rabbits (Sylvilagus) jack 
rabbits (Lepus) and snowshoe rabbits (Lepus bairdi) constitute the 
grert resen'oir of infection MTierry and Lamb cultured tularensc 
from guinea pigs which had been inoculated from two wild cotton tail 
rabbits found dead m soutliem Indiana I'rancis cultured tularensc 
from guinea pigs which had been inoculated with (a) the spleens of 
Ecicntccn jack rabbits shot or found derd in Utah, (b) the spleen of a 
showshoe rabbit found sick in Montana, and (c) thchicrs of ten cotton 
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tail rabbits bought m the Washington, D. C , market. Numerous 
observers have reported sick and dead rabbits in communities where 
human cases of tularaemia were occurring. Numerous cases of 
tularaemia have been reported in persons who had dressed wild rabbits 
only a very few days previous to illness 

Ohara in 1925 reported a fatal disease of wild rabbits in Japan. The 
heart of a rabbit found dead was used by him to inoculate a volunteer 
human subject, who contracted tularaemia. 

Domestic rabbits raised in rabbitnes and sold for food or for labora- 
tory purposes, or to fanciers, have never been found naturally infected, 
although they are highly susceptible to the infection by inoculation in 
the laboratory. 

(3) Wild, tats. Dieter and Rhodes, in 1925 while engaged in the 
routine examination of rats for plague in Los Angeles, Cahfornia, cul- 
tured three strains of Bacterium tularense from guinea pigs into which 
they had inoculated the tissues of wild rats which had been trapped in 
the city of Los Angeles. This is the only record of having found the 
infection in wild rats. 

(4) Wild mice Perry, in September, 1927, isolated Bacterium 
tularense by guinea pig inoculation from two wild meadow mice 
found dead in Contra Costa County, California, where large numbers 
of sick and dead mice had been observed. This is the only record 
of havmg found the infection in mid mice 

TRANSMISSION TO MAN 

Transmission of tularaemia to man occurs (1) by the bite of the 
horse fly, Chrysops discahs, (2) by the bite of the wood tick {Derma- 
centor andersoni Stiles), (3) by the bite of a tick (species undetermined), 
and (4) by contamination of the hands or the conjunctival sac with 
portions of the internal organs or with the body fluids of infected 
rabbits, flies, or ticks 

Tn addition, one case in Montana followed the bite of a coyote (Cams 
lestes). Another case in the same state followed the bite of a ground 
squirrel (Citellus richat dsoni), A case in Iowa followed the bite of a hog 
(Sus scrqfa domestica). Presumably the mouth parts of the coyote, 
ground squirrel, and hog were contaminated by infected rabbits which 
they had eaten, because dead rabbits were found near by readily 
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accessible One case followed the killing and skinning of a woodchuck 
{Marmola jla&tMiter) One case followed the scratch of a cat on the 
cheek There is no report of transmission from ground squirrels, 
mice or rats to man, although the disease has been known to exist in 
the California ground squirrel since 1910 The only record of the 
transfers of infection from man to man is in a case report by Harns in 
which a mother is believed to have contracted tularaemia through a 
pnck of her thumb, received while dressing the ulcer on her fly-bitten 
son 

(1) Fhes of the speaes Chrysops discalts Wilhston are blood-sucking 
flies commonly found on horses and cattle, but thej also bite rabbits 
and man Having fed on an infected rabbit they readily infect man at 
the next feeding, presumably transmitting the infection mechanically 
by their contammated mouth parts These flies are found pnnapally 
m Utah and in the adjoining states 

(2) Wood ticks of the species Dcrmacenlor aitdersom not only trans- 
mit the infection from rabbits to man, but, because of hereditary 
transmission of infection through their eggs to the next generation, 
these ticks must be considered as a permanent reservoir of mfecbon 
There is a wide distnbution of infection throughout their bodies — m 
the lumen of the gut, in the cells of the gut wall, in their circulatory 
fluid, and in their feces They carry the infection over winter, and 
harbor it throughout their lives They are ideal transmitters of infec- 
tion These ticks are found pnnapally m Montana and in the adja- 
cent states 

(3) Tick bite (species undetermined) has caused 24 cases m Arkan- 
sas, Oklahoma, Texas, Louisiana and Tennessee Suspiaon is 
attached to the tick, Dermaccitlor janabihs 

(4) Contammation or self-moculation has caused most of the human 
cases The speafic acts by which man inoculates himself are the 
following A market man skins and dresses rabbits for his patrons A 
housewife, servant, or cook dresses rabbits for the table A hunter 
dresses rabbits at the end of a day’s hunt A farmer pulls infected 
ticks from his horse or cow and then touches his eyes Jack rabbits 
are skinned and cut up for fish bait, coy ote bait, fox feed, clucken feed, 
hog feed, dog feed, for the table and for the market Persons v ho 
have become infected m the laboratory have either performed, or 
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assisted at, necropsies of infected guinea pigs, rabbits or white mice, or 
have held infected living rabbits or guinea pigs, or have handled 
infected hving ticks 

TRANSMISSION AMONG WILD ANIMALS 

Blood-sucking insects— lice, flies and ticks— are believed to transmit 
the infection from rabbit to rabbit in nature, thus contributing to the 
mamtenance of infection throughout all months of the year, and 
perenmally. 


SEASONAL INCIDENCE 

(1) Ticks and (2) flies have a seasonal prevalence, and (3) rabbits 
are protected by law in certain months 

Seasonal mcidence of cases of tularaemia is due to the seasonal 
variation of the three sources of infection — tick bite, fly bite, and the 
fdressmg of wild rabbits — but, owing to the overlapping of these 
influences, cases have occurred in the Umted States in every month of 
the year. The great reservoir of infection, and the greatest source of 
human infection, is the wild rabbit — ^Jack, cotton tail, and showshoe 
varieties — ^but, owing to the agency of blood-sucking insects common 
to rabbits and man, we also find cases resulting from tick bite and 
fly bite. 

(1) Tick hite. March to August are the months recorded for the 
onset of cases of tularaemia due to tick bite m northwestern United 
States These months correspond with the season of greatest activity 
of the tick Dermacentor andersoni which has caused 28 cases in Mon- 
tana and the surroundmg states 

February to October has marked the time of onset of 24 cases due to 
tick bite in southern United States — ^Tennessee, Louisiana, Texas, 
Oklahoma and Arkansas. These months correspond with the season 
of greatest activity of the tick Dermacentor vanahtUs which is pro- 
visionally held responsible for these cases 

(2) Fly hte. June to September are the months recorded for the 
onset of 23 cases resultmg from fly bite and are the months of greatest 
activity of the horse fly, Chrysops discahs, which occurs principally in 
Utah and the surroundmg states. 

(3) Dressing of wild rabbits. November, December and January 
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have been the months of onset for 353 cases occurrmg east of the 
Mississippi River resulting from the dressing of wild cotton tail 
rabbits for food These months embrace the “open season” when, 
owing to the relaxation of the game laws, the hunting of cotton tail 
rabbits is generally permitted, and, consequently, these rabbits are 
then offered for sale in great numbers in the markets 

Jack rabbits are found almost exclusively west of the Mississippi 
River, and, since they are apest to farmers they are unprotected by the 
game laws and their destruction is often rewarded by a bounty April 
to October have been the mouths of onset for most cases west of the 
Mississippi River, owing to the activities of skinning and cutting up 
wild jack rabbits for fish bait, coyote bait, chicken feed, dog feed, 
fox feed, and for the table Mere contact of the hands with the fur of 
an unopened rabbit has not caused human infection 

OCCUPATION, SEX, AGE, COLOR 

Farmers and their families furnish the largest niunber of cases 
because their occupation exposes them to ticks, flies, and wild rabbits 
Market men, market women, housewives and cooks furnish the second 
largest group of cases Hunters and laboratory workers constitute 
large groups Single cases have occurred in several professions and 
occupations Fumers and workmen engaged in handling dned rabbit 
furs have not become infected, probably due to death of the infection 
in the lapse of time between skiiuung and shopwork 

There were 409 males and 154 females The oldest was 73 years of 
age, and the youngest was 2 years In a senes of 603 cases, 38 were 
negroes 


BACTERIOLOGY 

Bacterium tularensc is a small, pleomorphic organism. Gram-nega- 
tive, non-motile and non-spore-beanng It grows only under aerobic 
conditions Its optimum temperature is , and its oplunum pH 
range is between 6 8 and 7 3 It ferments glucose, levulose, mannose 
and glycerin, forming aad but not gas It grows well on coagulated 
egg yolk and blood-glucose-c 3 stine-agar but not on ordinary labora- 
tory media such as plain agar, plain bouillon, gelatin, potato and milk 
Bacillary, coccoidal, and bipolar forms are noted In smears, it stains 
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well with crystal violet or amlme gentian violet, and in sections it 
stains best with Giemsa solution In three of eight attempts it passed 
through Berkefeld filters which held' back a small staphylococcus 

Heat A temperature of 56° to 58°C kills the organism in cultures 
and in spleen tissue in 10 minutes Thorough cooldng renders infected 
tissue harmless 

Formalin Cultures suspended in saline solution containing 0 1 per 
cent of formalin (37 per cent strength) are rendered non- virulent after 
24 hours 

Trtkiesol. Spleen tissue, rubbed up in 1 per cent trikresol, was free 
from infection after 2 minutes 

Glycenn Pure undiluted glycerin into which cultures or spleen 
tissue are placed, preserves the virulence 1 month at room temperature, 
6 months at 10°C , and 1 year at — 14°C. Glycermation m conjunc- 
tion with annual or semi-annual animal passage serves to perpetuate 
the virulence of a strain for years 

Freezing Spleen tissue frozen at — 14°C, loses its virulence in 1 
month. Frozen rabbits are infective for 3, but not for 4 weeks. 

Drying The virus resisted drying in bedbug feces for 26 days 

BACTEREMIA 

The isolation of cultures from the blood of man durmg the first 
week of illness indicates that in man there is a bacteremia early in the 
disease 

Rabbits, guinea pigs and white mice dying acutely from the infection 
often manifest a bacteremia so great that 0.00000001 cc. of their heart 
blood, when inj'ected into a fresh animal, kills acutely with typical 
lesions of the disease 

The coelomic fluid of the tick and bed bug is rich in microorganisms. 

SOURCES OF HUMAN INFECTION 

(1) Ulceroglandular type — 416 cases 

23 were fly-bitten {Chrysops dtscahs) 

28 were tick-bitten {Derinacentor atidersoni) 

24 were tick-bitten {Derinacentor vanahilts?) 

6 were associated with sheep and ticks 

4 were bitten by insects (species?) 

100 were market men who had dressed rabbits 

25 had dressed rabbits bought in the market 
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84 had dressed rabbits which they had shot 
34 had dissected jach rabbits 

84 had dressed rabbits the source o{ which was uot stated 
1 had killed and skinned a uoodchuck 
1 was bitten by a coyote 
1 was bitten by a ground squirrel 
1 was bitten by a hog 

(2) Oculoglandular type — 26 cases 

18 had skinned or dressed wild rabbits 
5 had crushed ticks w ith their hngers 

1 had crushed a fly w illi his fingers 

2 (source of infection was uncertain) 

(3) Glandular type — 20 cases 

19 had dressed rabbits 

1 was an experimental human subject 

(4) Typhoid type — 26 cases 

20 had autopsicd laboratory animals or handled ticks 
4 had dressed wild rabbits 

1 was tick bitten 
1 was probably tick bitten 


PORTALS OF ENTRY OF INFECTION 


(1) Penetration of the unbroken skin The t>phoid type (absence of 
primary lesion and absence of lymph node enlargement) has been noted 
m 20 laboratory workers who autopsied infected animals or handled 
ticks with bare hands, in 4 persons who dressed wild rabbits, and m 2 
persons believed to be tick-bitten How the infection gained entrance 
to the body m these cases is unknown WTiethcr it penetrated the 
skin of the hands without leaving a local lesion or whether, after 
contamination of the fingers, the infection w as conveyed to the con- 
junctival sac or to the mouth and swallowed, or whether it was con- 
veyed as a droplet infection remains undetermined Support for the 
view that it penetrated the skin of the hands is furnished in the next 
two paragraphs 


The glandular type (absence of primary lesion but presence of lymph 
node enlargement) has been noted m 19 persons who dressed wild rab- 


bits and who manifested epitrochlear or axillary lymph node enlarge- 
ment This type was also noted in an experimental human subject 
on the back of whose hand virulent rabbit tissue was gently rubbed 


resulting in the absence of a pnmary lesion but with epitrochlear and 


axillary lymph node enlargement The portal of entry in these 19 
cases must have been distal to the regional lymph nodes 
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Experimentally in guinea pigs and rabbits penetration of the normal 
unabraded, unrubbed and unshaven skm by a virulent culture of 
Bacterium Maiense or by spleen emulsion is a sure method of mocula- 
tion which may or may not cause an apparent local sbn lesion but 
which results in fatal infection 

(2) PenetraUon of the normal conjunckva There was no antecedent 
abrasion of the conjunctiva in 26 cases of the oculoglandular type who 
had dressed rabbits or crushed ticks or flies with the fingers Pre- 
sumably aU had transferred the infection to the eyes with their fingers 

Rabbits and guinea pigs are readily infected by minute amounts of 
virulent cultures of Bacterium tula) ense gently dropped mto the con- 
junctival sac, care being taken to avoid all irritation 

(3) Presence of an antecedent abrasion The presence of an abrasion 
of the skin, either preexistent or coincident with the time and site of 
infection, was noted by 137 cases which received their infection from 
dressing or cutting up rabbits These abrasions consisted of bruises, 
cuts, punctures or scratches by fragments of shattered rabbit bone, or 
by knife, splinter of wood, nail, barbed wire, thorn, briar or burr In 
78 cases which were either fly-bitten, tick-bitten, or bitten by coyote, 
ground squirrel or hog, the bite constituted the abrasion of the skin 

As to the presence or absence of minute abrasions of the hands, no 
one really knows even at the present moment whether he has such an 
abrasion, much less does he know the condition 3 or 4 days ago when he 
dressed a rabbit. 


NON-CONXAGIOUSlSrESS 

No instance has been reported of the spread of the infection from 
man to man by mere contact or by the bite of insects which have 
previously bitten a patient Surgeons who have incised or excised 
suppurating glands have not contracted the infection 
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Primary ulcer showed diffuse necrosis with nuclear fragmentation 
and infiltration with polymorphonuclear leucocytes, beneath which was 
infiltration with small lymphocytes 
Ljmph nodes showed focal and diffuse necroses made up of leuco- 
c> tes, debns and nuclear fragments 
Spleen showed on the surface and throughout the pulp, necrotic foci 
containmg amorphous material, nuclear fragments and a few leuco- 
cytes, and bordered by normal splemc pulp 
Liver contained small focal lesions showing necrosis of hepatic cells, 
the area being filled with large mononuclear cells, and, where necrosis 
was advanced, nuclear fragments and polymorphonuclear leucocytes 
were abundant 

Lung showed plaques or small necrotic foci on the pleural surface 
Cut section showed small focal necroses or gray broncho-pneumomc 
patches, or the consolidation involved almost the entire lobe Micro- 
scopically, the alveolar walls showed thickemng by edema and by large 
mononuclear cells, and the alveolar contents were composed of a few 
leucocytes, red cells, and a small amount of fibnn 
(2) Subacute ksiotis m man Subacuteness approaching chroniaty 
charactenzes the lesions m man This apphes to the primary ulcer 
at the site of infection, to the regional lymph glands which drain the 
site of infection, to the subcutaneous nodules in the course of the 
lymphatics lying between the ulcer and the glands, and to the internal 
organs — spleen, h\er, lungs and adrenals 
In microscopic sections, areas of focal necrosis are seen which show 
a central necrotic zone surrounded by a layer of epithehoid cells and 
fibroblasts in radial arrangement, and a peripheral zone of Ijmpho- 
cytes, among which are a few giant cells 
The granulomatous type of tlie subacute human lesions corresponds 
to the subacute climcal course typical of the disease in man 
Pathologists, unfamiliar with the lesions in man, have tcnaaously 
clung to the diagnosis of tuberculosis until forced to give it up by their 
failure to demonstrate aad-fast microorganisms or to infect guinea 
pigs with tuberculosis In such cases the rabbit history and serum 
agglutination have proved the diagnosis of tularaemia 
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CLINICAL TYPES 

In studying 614 case reports, four clinical types are noted 

(1) Ulca oglandular type The prunary lesion is a papule of the 
skin, later an ulcer, and is accompanied by enlargement of the regional 
lymph glands 

(2) Ociiloglandular type The primary lesion is a conjunctivitis 
and is accompanied by enlargement of the regional lymph glands 

(3) Glandular type There is no primary lesion at the site of infec- 
tion, but there is enlargement of the regional lymph glands 

(4) Typhoid type There is no primary lesion, neither is there 
glandular enlargement 


SYMPTOMS AND COURSE 

Incuhation The period of incubation has been definitely deter- 
mined in 258 cases in which there was a single exposure to infection. 
In these there was a period of 24 hours in 16 cases, 2 days in 54 cases, 
3 days in 73 cases, 4 days in 58 cases, 5 days in 33 cases, 6 days in 11 
cases,' 7 days in 8 cases, 8 days in 1 case, 9 days in 1 case, and 10 days 
in 3 cases, the average being 3| days In laboratory workers and 
market men daily exposed to infection the incubation period could 
not be determined 

Onset The onset is sudden, often occurring while the patient is at 
work, and is manifested characteristically by headache, vomiting, 
chilhness, chills, aching bodily pains, sweating, prostration and fever 

Ulcei oglandular type These patients complain, within 48 hours 
after the onset, of pain in the area of the lymph glands which dram the 
site of infection On examination, these glands are found to be tender 
and slightly enlarged Only the regional glands are mvolved and not 
those of other parts of the body The glandular pain precedes by 
about 24 hours any definite reference by the patient to the site of infec- 
tion, which then becomes manifest as a painful, swollen, inflamed 
papule which breaks down, liberating a necrotic core or plug and leav 
ing an ulcer about f mch in diameter, with raised edges, and having a 
punched-out appearance- On healmg, the ulcer is replaced by scar 

tissue 

There is redness of the skm overlying tlie enlarged and tender 
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l 3 mipli glands, and this redness may be continuous to the site of 
infection, or red streaks may be visible on an eittrenuty In about 
half of the cases the lymph glands proceed to suppuration, and after 
the inflammation has subsided an abscess ruptures through a soft, thin 
spot in the skin In the other half of the cases the glands do not break 
down but remain hard, palpable and rather tender for 2 or 3 months, 
gradually returning to normal Lymph glands other than the regional 
glands were slightly enlarged and tender in certain cases 

Lymph glands in such unusual locations as “region of biceps,” 
"mid-arm,” “mid-forearm,” or “dorsum of hand” have proceeded 
to abscess formation 

Subcutaneous nodules simulating sporotnchosis were noted on the 
forearm and arm in 38 cases They were distributed not only along 
the vessels on the anterior surface but also over the posterior surface 
of the forearm or arm, and extended from the ulcer on the fingers to 
the enlarged axillary glands The nodules were firm and movable, 
but many of them ultimately suppurated , they varied in size from that 
of a pea to 1 0 cm in diameter, and in number they vaned from 2 to 30 

Weakness, loss of weight, recurring chills, sweats, and prostration 
ate often noted during the active stage of the disease which lasts from 
2 to 3 weeks 

Oculoglandiihr type These cases follow the general description 
given above, but with primary localization in the conjunctival sac 
instead of the skin Of 26 cases, 23 had unilateral involvement of the 
eye and glands, 9 being nght-sided and 14 being left-sided, 3 had 
sunultaneous bilateral involvement of the eyes and glands In the 
early stage the eye manifests imtation, weeping, swelling of the lids 
and surrounding tissues, edema of the ocular conjunctiva, and usually 
a papule on the conjunctiva of the lower lid At tlie same time there 
are swelling, tenderness, and pain in some of the follownng lymph 
glands preauricular, parotid, submaxillary , anterior cervical, and, 
m severe cases, in the axillary group Small, discrete ulcers appear 
very soon on the conjunctivae of both lids The constitutional reac- 
tion IS manifested by fever, chills, sweating, prostration, and, in 
severe cases, by convulsions, delmum, and stupor A purulent dacry- 
ocystitis was noted in 2 cases In half of the cases the glands suppu- 
rated No involvement of the sinuses was noted 
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Permanent impairment of vision was noted'in only one case, whicli 
proceeded to blindness of the affected eye followmg a perforation of the 
cornea, protrusion of the ins, and fusion of the cornea and iris into a 
compact mass 

Fulminant cases, running a rapid course, with death, have been 
noted m the oculoglandular type The outbreak comprised four 
members of a family who became ill within a 24-hour period The 
symptoms were bilateral m the three who died, but unilateral in the 
fourth, who survived Death occurred on the 6th, 8th, and 8th day 
of illness, respectively The infection seemed to have been derived 
from wild cotton tail rabbits Tularaemia was demonstrated by 
animal inoculation and by cultural and serologic methods m the sur- 
vivor, but in the three who died laboratory tests were not made either 
before or after death, owing to the failure of the attending physician 
to recogmze the condition 

Glandular type These are cases which, after dressing rabbits, 
develop enlarged epitrochlear and axillary glands, but which mamfest 
no lesions on the hands 

Typhoid type In this type, fever was the only outstandmg symp- 
tom. For want of a better diagnosis, attending physicians m these 
cases have inclined to the diagnosis of typhoid until compelled to give 
it up by reason of a negative Widal reaction and a positive aggluti- 
nation of Bacterium Udarense. The onset and duration of the disease 
in this type is the same as m the glandular types 

Fever is always present in cases of tularaemia Complete tempera- 
ture records are available only for the laboratory cases, and of these 
charts there are 11. Viewmg the 11 charts, one is struck at a glance 
by the constancy of the sequence of imtial rise, remission, and 
secondary rise Following the initial fever which lasts 1, 2 or 3 days, 
there is a remission of temperature for 1, 2 or 3 days, this is followed 
by a secondary rise to the ongmal height, after which there is a gradual 
dechne to normal, the whole febrile penod lasting from 2 to 3 weeks 
The early remission of temperature is accompanied by a dumnution of 
aU symptoms, and the patient wants to leave the hospital for his home 
or return to work, but the symptoms return again with the secondary 
rise of temperature 

Leukocytosis. The white-cell count is moderately mcreased and 
may reach 16,000, but is not of diagnostic value 
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Skm eriiplton A very definite skin eruption was noted in 32 cases 
It was macular, papular, pustular, maculo-papular, papulo-pustular, 
blotchy, or a rash In some mstances it was painful and inflamma- 
toiy, but was usually painless and did not itch Desquamation and 
pigmented remains have been noted A pustular eruption appeared 
over the malar bone m an oculoglandular case, the same condition 
surrounded the ulcer in two cases Many acne lesions developed on 
the back of the thorax during the illness in two cases Extremeherpes 
was noted m one case The eruption is bilateral 

Convalescence is slow It is rare for a patient to be at work again at 
the end of a month Usually the second month is spent lying about 
the house ouing to weakness on exertion, and dunng the third month 
only half-time work is performed Some have not entirely returned 
to normal for 6 months or even a year Relapses of fever lastmg 6 
and 8 da> s occurred in two laboratory cases after 10 and 8 months, 
respectively Recurrmg mild attacks of fever have been noted Sup- 
puration of lymph glands has been noted 6, 8, 10, and even 22 and 24 
months after the onset of the disease Recovery usually occurs with- 
out evident sequelae 

Comphcations Broncho-pneumonia was the terminal condition 
in five cases and lobar pneumonia terminated two Severe meningeal 
involvement was indicated in cases manifesting dehrium and stupor 
General peritonitis was noted in two fatal cases m one of which there 
was splenic enlargement, diarrhoea, hemorrhages, and some ulcera- 
tions of the coecum Appendiatis developed on the fourth day in one 
case and required removal Ascites appeared in one case 3 months 
after onset, and Bactennm tularcnse was isolated from the fluid 
Coma, accompanied by albuminuria and casts, was the terminal con- 
dition in two cases which died at the end of 3 and 5 months respec- 
tively 

Death Of 654 reported cases 24 terminated in death, the diagnosis 
having been confirmed by agglutination m nine cases and bj cultures 
in seven others The duration of illness and terminal condition of 
23 fatal cases were as follows 

S daj-s r W developed dchrium and suggestive signs of localired 
broncho pneumonia of the right lung just poor to death 

6, 8 and 8 da> s L , C L , and P J L , members of one family , died, U o 
in stupor and one in dehrium, within 48 hours of each other 
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9 days G D B 

12 days- J L died with symptoms of general pentomtis 

13 days. V B was the subject of chrome aortic stenosis and presented 
the chmeal and postmortem picture of bilateral broncho-pneumoma 

14 days. Mrs J H became semi-camatose on the seventh day 

14 days J G. F “Flu” was the diagnosis in the first week Lobar 
pneumoma of the nght lower lobe was the diagnosis in the second week and 
the finding at autopsy 

14 days A T R was a typical case of the ulceroglandular type 

16 days J C P The “typhoid state” and delirium diverted attention 
from the true diagnosis of tularaemia at first 

16 days W N showed severe constitutional symptoms among which 
was mild delinum 

18 days. Mrs C S manifested symptoms of cholangitis and died 18 days 
after onset and 8 days after an exploratory abdommal incision 

23 days* “Flu” was the clmical picture in the second week and bilateral 
lobar pneumoma m the third week 

26 days R S Pneumonia of the right upper lobe was the terminal 
condition clinically 

28 days* E N , who was the subject of a chronic heart lesion, developed 
decompensation and died at the end of 4 weeks 

29 days L K. During 10 days before death, there were six to eight 
stools daily and intestinal hemorrhages Post mortem, there was general 
pentomtis with plastic exudate covenng the abdommal contents The 
spleen was very large and there was some ulceration of the coecum 

31 days- Patient sat up in bed on the 31st day, developed a precordial 
pain and dyspnoea and was dead in 20 minutes 

34 days. T J R passed through a typical course of tularaemia and died 
on the 34th day 

6 weeks B W B Five weeks after onset, bilateral broncho-pneumonia 
developed, and death ensued 6 days later 

8 weeks. C H W Bilateral broncho-pneumoma, 6specially of the lower 

lobes, developed m the 7th week and death occurred 9 days later 

3 months L B died m coma, the last 3 weeks having been marked by 
general edema and an abundance of albumen and casts in the unne 

5 months M C reentered the hospital 24 hours before death in a state 
of coma and with marked albuminuria 
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DIAGNOSIS 

Because tularaemia was not borne in mind, the disease has been 
erroneously diagnosed as follows (1) Clinicians have called it “flu,” 
septic infection, typhoid fever, and sporotrichosis (2) Serologists 
have called it undulant fever on account of the cross-agglutination of 
mehlcnsis and ahorltis (3) Pathologists have called it tuberculosis on 
account of the lesions in the lymph glands 

The clinician who bears in mmd the following tetrad will seldom fail 
to diagnose a case of tularaemia (1) a history of having dressed or 
dissected a wild rabbit, or of being tick-bitten or fly-bitten, (2) a pri- 
mary lesion of the shin m the form of a papule, followed by a persistent 
ulcer or a primary conjunctivitis, followed often by ulcers of the con- 
junctiva, (3) persistent glandular enlargements in the region draining 
the pnmary lesions, and (4) fever of from 2 to 3 weeks’ duration 

Having recognized this tetrad in his patient, the clinician will prove 
his diagnosis (1) by obtaining an agglutmation of Bacterium lularense 
by blood serum collected in the second week of illness and noting an 
increase in the agglutination titre in serum collected a few days later 
or in the third week, or (2) by isolation of Baclenum tularensc from 
guinea pigs inoculated with material taken as early as the first week 
from the primary lesion or from the enlarged glands or the blood of the 
patient Microscopic examination of cover-glass preparations and 
cultures taken directly from the patient is useless 

AGGLUTINATION 

A study of the blood serums of 584 cases of tularaemia, tested for 
agglutination of Baclenum lularense showed the following facts 

1 There was a complete absence of agglutinins for lularense in the 
first week of illness 

2 Specific agglutinins were always present at some time in tlie 
second week 

3 There was an aljrupt nse in the agglutination titre in the third 
week which reached its maximum m the fourth, fifth, sixth or sex entb 
week 

4 A fall of titre began in the eighth w cck 

5 A gradual diminution in the amount of agglutinins took place 
until at theendofthefirstjcarthcaxcragetitreof 21 caseswas 1 140 
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6 Specific agglutinins remained for years in the blood of long- 
recovered cases and did not entirely disappear from any case, even 10, 
11, 12, 15, 18, 19 or 24 years after recovery. 

I know of no other disease in which an agglutmation test will set 
the diagnosis right m such certain terms after so many years. By the 
employment of agglutination m conjunction with clinical evidence m 
49 cases, Simpson reported in June, 1928, a contmuous record of the 
unrecognized existence of tularaemia in Dayton, Ohio, throughout the 
preceding 20 years 

Cross-aggluknation Human tularaemia serums may show cross- 
a-gglutination of B)ncella aboitus (the cause of contagious abortion of 
animals) and Bnicella niehtensis (the cause of undulant fever). Of 
513 human tularaemia serums so tested, 119 showed such cross-agglu- 
tination, while 394 failed, even in dilution of 1 10, many of the latter 
group were of maximum axih-tularense titre (1280 to 2560). 

As a rule, a tularaemia serum agglutinated Uilarense in much higher 
dilution than it agglutinated abortus or mehtensis, and the cross-agglu- 
tination of the latter orgamsms was much slower in developing in the 
water bath. Exceptions to that rule were noted m twelve serums 
which agglutinated tiilarcnse, abortus, and mehtensis to the same, or to 
nearly the same, degree 

The significance of these observations, from the viewpoint of diagno- 
sis, is that a suspected tularaemia serum should be tested, not only for 
agglutination of tularense but also for agglutination of either abortus 
or mehtensis unless the clinical histor}’’ points clearly to the etiology. 
It has been established by Evans that a serum which agglutinates 
one of the latter two organisms will also agglutmate the other. 

Human undulant fever serums may show cross-agglutination of 
tulaiense. Of 48 undulant fever serums so tested, 16 showed some 
degree of such cross-agglutination, while 32 failed, among the latter 
group were serums which in dilution of 1280 to 2560 gave agglutination 
for undulant fever 

METHOD OF ISOLATING CULTHRES FROM MAN 

Bacterium tulaiense has been isolated directly from man by inocu 
lation of culture mediums by Simpson The organism has not t>een 
identified in cover-glass preparations made directly from man For 
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ease of isolation, human tissue is first inoculated into guinea pigs, rab- 
bits, or white mice; culture mediums are inoculated from these animals 
after they sicken or die 

Ammal momlations Pus from the site of the fly bite, or tick bite, 
or conjunctiva, or from other sites of infection, or from the patient’s 
suppurating glands, or tissue from a wild rabbit’s spotted spleen or 
hver should be injected subcutaneously on the abdomen of guinea 
pigs or rabbits Such material should first be rubbed m a mortar, 
suspended in salt solution, and strained through coarse gauze Blood 
drawn from the patient’s median basflic vein is defibrinated, mixed 
with an equal volume of normal saline solution, and injected intrapen- 
toneally mto gmnea pigs Each guinea pig should receive 4 to 8 cc. 
of the diluted blood 

Within a week the animals should die, presenting a gray, granular 
caseation of the enlarged Ijrmph glands and great numbers of small 
white foci of necrosis studded over the enlarged spleen especially, and 
dver the liver. The organs should be viewed in direct sunlight, or in 
strong electric Hght, because the lesions are often mmute The use of 
a hand lens may be necessary In the absence of apparent lesions, the 
death of the animal is sufllcient incentive for transfer to a fresh animal 

Material from dead animal’s glands, spleen and hver, when rubbed 
on the shaven, abraded skin of another gmnea pig or rabbit, should 
likewise cause its death within a week with the same typical lesions of 
the lymph glands, spleen and hver, and thus the infection may be 
propagated for an indefinite number of passages through gumea pigs 
or rabbits 

Cultures of Bacterium kilarense may be obtained by inoculations 
of heart blood, spleen, or hver of these animals to coagulated egg yolk 
or blood-glucose-cystine-agar 

More reliance should be placed on the gross pathologic evidence of 
the disease m guinea pigs, rabbits and mice than on cover-glass prepa- 
rations made from these animals 

Spleens of infected guinea pigs or rabbits, if dropped mto pure gly- 
cerin and placed m the ice box will remain virulent for at least a month, 
thus affording a means of shippmg live virus for identification Liver 
is inimical to the hfe of the infection and should not be placed m 
glycerin in the same container with spleen tissue 
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Ctiltures tsolaled from man Cultures have been obtained from 23 
human cases by guinea pig moculation as follows 

(1) From blood taken during life from 3 patients on the 3rd, 4th 
and 6th days of illness, respectively, and from blood of 2 other patients 
taken at autopsy, from the brachial vein m one case on the 14th day 
and from the heart m the other case on the 14th day Blood taken 
dunng life after the 1st week of illness was always negative 

(2) From conjunctival scrapings taken from 4 patients on the 4th, 
13th, 13th and 17th dajs 

(3) From pus taken from the nose on the 8th day in a case of the 
oculoglandular type with purulent dacryocystitis 

(4) From lymph glands of 9 patients taken on the 5th, 10th, 12th, 
14th, 14th, 16th, 17th, 51st and 53rd days Numerous attempts 
have been made to recover the infection from the pus of lymph 
glands after the 1st month of illness, but all were negative except two 

(5) From the prunary lesion on the finger of 3 cases taken on the 
Sth, 8th and 17th days 

(6) From asatic fluid taken during hfe, 3 months after onset 

(7) From spleen taken at autopsy on the 18th and 26th days 

(8) In 1 additional case, cultures were obtained from the finger 
lesion on the Sth day, from sputum on the 12th day, and from the 
following tissues taken at autopsy on the 14th day heart blood, 
spleen, liver and lungs 


rMMtJNITY 

One attack confers immunity in man No instance of a second 
attack has been recorded by practicing physicains Market men who 
dress rabbits year after year and laboratory workers have had only 
one attack The long persistence of agglutimns in the blood of 
recovered patients may be an indication of their immunity 
Susceptible laboratory animals (guinea pigs, rabbits, and white 
mice) have exliibitcd no evidence of imniumty to v irulcnt infection in 
our laboratory All have died with the single exception of one rabbit, 
which sumved a severe acute attack 35 days following the onset of 
his attack, he was inoculated subcutaneously wnth a milhon fatal doses 
of a virulent culture and remained well for 21 months 
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SUSCEPTIBILITY 

Degrees of susceptibility are noted as follows (1) High susceptibil- 
ity m man, monkey, ground squirrels, rabbits, gmnea pigs, mice, 
woodchucks, opossums, young coyotes, pocket gopher, porcupine and 
chipmunk (2) Slight susceptibility in rats, cats, sheep and goats 
(3) Non-susceptibility in horse, cattle, hog, dog, fox, chicken and 
pigeon 

UNIQUE FEATURES 

The following outstanding features of tularaemia deserve special 
mention (1) The certainty of infection of laboratory workers. 

(2) The persistence of agglutimns in the blood of long-recovered cases. 

(3) The cross-agglutination of abortus and mehtensis (4) The 
granulomatous character of the lesions in man as contrasted with the 
lesions in animals (5) The cystine requirement of the organism in 
culture medium (6) Its pleomorphism. (7) Its penetration of the 
unbroken skin (8) Its invasion of fixed tissue cells — the hepatic cells 
of a mouse and the intestinal epithelium of tick and bed bug. (9) Its 
hereditary transmission through the egg of the tick to the next gener- 
ation of ticks. (10) The great vanety of insect hosts (11) The 
great variety of animal hosts 


PREVENTION 

Thorough cooking destroys the infection, thus rendering an infected 
rabbit harmless for food. 

Laboratory workers engaged in performing necropsies of infected 
animal R should wear rubber gloves and should observe all other pre- 
cautions to avoid mfection Cooks, market men and hunters should 
wear rubber gloves in dressing rabbits 

TREATMENT 

The treatment is symptomatic Rest in bed is the most important. 
Those who have had the most experience with the enlarged glands do 
not advise excision, nor even incision, until a very evident soft, thin 
place appears in the skin overlying the glands No preventive vaccme 
nor curative serum has yet been perfected, nor has any special drug 
been found effective 
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The metabolism of nerves is a subject which has long merited and 
long lacked an adequate investigation The new facts which are now 
rapidly bemg revealed cannot fail to find their place not only m our 
attitude toward the specific problems of nerve conduction both periph- 
eral and central, but also in our conceptions of the metabolism of 
cells in general The energetics of muscle has served well as a model 
after which to pattern our ideas of the active metabolism of many 
another cell Now we have before us the bare outlmes of a new model, 
the nerve fibre, which is apparently significantly different from the old 
one m certain details 

The historical aspects of the subject may be disposed of in a few 
words, sufficient merely to indicate the general status of the problems 
involved Undoubtedly the most important fact, which has emerged 
from all tlie investigations earned out on nerves, is that this stiU 
somewhat mystenous wave of excitation differs fundamentally from 
most otlier waves, such as the pulse wave, sound naves, and water 
waves, in that the energy to which it owes its progress is denved, not 
from the mechanism or process which initiated the nave at its source 
but rather from the medium over which it is to pass We say that it 
IS a self-propagated wave, travelhng indefinitely without diminution 
m intensity This result was amved at, however, by indirect reason- 
ing, rather than by direct measurement of any energy changes 

This fact by itself implies, however, that there zs an energy expendi- 
ture assoaated with the conduction of a nerve impulse, although in 
the absence of a direct measurement of this energy change there n ere 
many who nevcrtlieless disregarded it or believed that it n as negligibly 
small, and of the same order of magnitude as the energy equivalent of 
the action current which is only 0 1 per cent to 1 per cent of the total, 
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according to Hill (Cf. Downing et al, 1926 ) It was agreed to be 
sure that nervous transmission fails in the absence of oxygen (von 
Baeyer, 1903) and even fails sooner when the nerve is stimulated than 
when It is restmg (Thorner, 1909) But this did not prove that the 
actual process of conduction was oxidative. It did make probable an 
oxidative removal of waste products which prevented conduction by 
their presence The further history of the problem, as so often hap- 
pens, is the history of the development of new and better methods of 
measurement. Tashiro (1913) with his biometer was the first to 
perform experiments to which he could point as proof of an extra con- 
sumption of energy by a nerve during activity Had his method been 
a little better he would have convinced those who still felt legitimate 
doubt. It remained for Parker (1925), using Osterhout’s indicator 
method for carbon dioxide, to show more convincingly that there was 
an extra output of carbon dioxide durmg stimulation A. V, Hill 
(1926) was then able to refine his methods for measuring heat to such 
a point that he could actually measure the increased temperature of a 
nerve durmg stimulation and foimd it to be only 7/10,000'’C per 10 
seconds of stimulation. On the basis of such experiments, an in- 
creased oxygen consumption during stimulation could be confidently 
predicted and it was with no great difficulty that I was able to demon- 
strate this fact for the first time in the summer of 1926 ^ Aside from 
these initial demonstrations of the fact that there is an increased 
metabolism of nerves during activity, we are most indebted to the 
work of Gerard, in carrying on the heat measurements with Hill, and 
later in Meyerhof’s laboratory, in confirming my own measurements 
of the oxygen consumption and adding many important facts, particu- 
larly in relation to anaerobiosis and lactic acid formation. 

From this short introduction it will be seen that my own part in 
tbiR revival of mterest in nerve metabolism has been but a small 
one and I do not feel it appropriate that at this time I should attempt 
an exhaustive and systematic survey of all the recent contributions 
to this field Instead I must ask permission to develop the subject 
much as it has presented itself to me, without hesitating to followup 

2 Winterstem (1907) had previously demonstrated an increased ovygen consumption 
in the spinal cord of the frog durmg stimulation, but this result could not safely be app le 
to peripheral nerve 
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such side lines as have engaged my attention, with such reference to 
the important contribution of others as occasion allows 

THE APPARATUS AND METHOD 

In looking about for a method of demonstrating an increased oxygen 
consumption of nerve dunng stimulation, I naturally turned to a 
simple device which I had used for demonstrating a resting oxygen 
consumption to students A piece of tissue was placed in a bottle 
over sodium hydroxide and the bottle was connected to one end of a 
honxontal capillarj' tube containing a drop of kerosene As oxygen 
was consumed the drop was drawn toward the bottle I arranged, 
therefore, a competition between two dupheate nerves, each m a 
separate bottle, but the bottles connected to opposite ends of the same 
capillary tube If both nerves were resting, there should be no move- 
ment of the drop If one was stimulated the drop should show a defi- 
mte movement toward the stimulated nerve There was nothing 
essentially new m the differential volumeter as this apparatus should 
be called (See fig 6) It can be used for anything that a differential 
or single manometer can be used for and it has the added advantages 
of a very sunple calibration and a greater sensitivity without the 
necessity of using inconveniently small bottles It is an interesting 
commentary on the methods of saentific progress to find that essen- 
tially this same apparatus was used by Haberlandt (1911) for stud>nng 
this identical problem Had he adopted the simple expedient of 
using a smaller capillary tube, some of the experiments to be described 
would now be 17 years old 

Figure 1 shows the result of an expenment carried out on the lateral 
line nerve of a dogfish as used by Parker The rate of oxygen con- 
sumption IS plotted here against time One nerve was in each bottle 
The expenment starts wnth three penods of stimulation of nerve B, 
an increased consumption of oxygen being indicated by a nsc in the 
graph as plotted Following this, nerve A in the other bottle is 
stimulated and the drop moves in the opposite direction, giving a 
negative rate of oxygen consumption or a fall in the graph Cross- 
hatched areas indicate movements due to a heating and cooling at 
the electrodes on account of the stimulating current Ihe cx-pen- 
ments leave no room for doubt that the oxy'gen consumption is defi- 
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nitely increased during stimulation and that the absolute amount of 
this increase is accurately measured. A similar experiment using a 
frog with both nerves in one bottle is shown in figure 2. 

A point of interest in these graphs is the gradual rise of the oxygen 
consumption to a maximum, followed, at the end of stimulation, by 
a similar gradual fall to the resting level This delay might be due to 
diffusion, it might be due to a delayed consumption of oxygen The 

ca ft per gm per men 



Doting Seven Ditfxeent Periods of SmiuLAXioN 

delayed consumption in turn might be due to lack of oxygen or it 
might be due to processes inherent in the nature of the chemical 
mechamsm responsible for conduction I think that it can be shown 
that in frog nerve the diffusion of oxygen, should be two-thirds complete 
in about 4 mmutes It might be slightly slower in the larger dogfish 
nerves In 20 out of 33 stimulation periods on the dogfish the de- 
layed oxygen consumption lasted 10 to 30 mmutes In the frog the 
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delayed ovygen consumption is two-thirds complete m 8 to 12 min- 
utes On the whole, therefore, it appears that the delay ts slightly 
greater than can be accounted for by diffusion alone This conclusion 
IS evidently in agreement with the important observation of Donning, 
Gerard and Hill (1926) that the heat production due to conduefaon 
lasts 9 to 11 minutes after the end of stimulation As in the case of 
muscle, therefore, they find a prolonged recovery heat In nerve, 
however, only 11 per cent of the total heat comes off m the initial 



Tig 2 Graths op Two Extemhems oi Feog Nerves Siioweng the Rate op Oxvobn 

CONSDHPTIO'l AT REST A-T) DOKINO SUSIOEATION AT VARYU^G IeTENSITIES 

Eigures above the stimulauon marks indicate the equivalent voltage of the current 
derived from the secondary of the inductonum Below is indicated for each stimulation 
the percentage increase m ocygen consumption The magnitude of the response seems 
to be independent of the strength of the sbmulus over a n ide range 
> 

phase instead of 40 per cent as in muscle As a result of tlus delayed 
heat production, not only should the oxygen consumption be con- 
tinued for 9 to 11 minutes after a penod of tetanus but it should con- 
tinue to increase for 9 to 11 minutes after the begmmng of tetanus, as 
in fact It does After such a period of stimulation therefore, the nerve 
IS the seat of much more intense oxidative recov'ery processes than at 
the beginning of stimulation Hence it is not surprising, as Gerard 
(1927, c) has emphasized, to find a progressive prolongation of the 
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refractory period reported by Field and Brucke (1926) To this 
extent at least a nerve may be said to be fatigable Levin (1927) has 
also investigated a prolonged electronegativity of nerve after stimula- 
tion indicating the persistence of recovery processes 
The absolute values which I have found for the excess oxygen per 
gram nerve per minute of stimulation are somewhat too small (0 32 
cu mm per gram per minute instead of 0 8 cu mm ) to agree with the 
heat production due to stimulation as found by Hill and Gerard. One 
obvious reason for this difference lay in the long periods of stimulation 
which were necessary for the oxygen determinations while 10 seconds 
was sufficient for a heat measurement It seemed likely that the nerve 
would not respond with the same intensity durmg a half hopr as it 
does during the first 10 seconds Gerard (1927, b) has brought for- 
ward evidence to confirm this idea by showing that a greater excess 
oxygen consumption is obtained, when calculated per minute of 
stimulation, if intermittent stimulation is used, such as a short tetanus 
every few minutes When allowance is made for the low temperature 
at which Gerard worked — 15°C instead of 22°C — ^the excess oxygen 
which he observed is too high compared to mine, for the absolute 
magnitudes as measured were identical Likewise the restmg rates 
observed by me were too high (1 2 cu mm per gram per minute 
instead of 0.27 to 0.45) compared to his even after allowing for the 
difference in temperature ® Smce errors of measurement in so simple 
a method seem impossible we must believe in considerable differences 
between the frogs used It seems, however, probable that when 
identical matenal is used at identical temperatures the excess oxygen 
is suffiaent to explain the excess heat production 

Having observed an extra oxygen consumption of nerve during 
activity which is apparently quantitatively comparable to the extra 
heat production, it becomes important to inquire what relation there 
may be between the magnitude of this excess oxygen consumption 
and the number and intensity of the nerve nnpulses transmitted 
Such comparisons are laborious to make and the results are never 

3 This IS partly (perhaps 25 per cent) to be accounted for by the fact that I weighed the 
nerves only at the close of the experiment when they were shghtly dned whereas Gerar 
weighed his at the beginning after soaking them in Ringer’s solution More recent figures 
of nune give values of 0 7 to 0 8 cu mm at 20 C 
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altogether satisfactory because the combined period of stimulation 
and recovery must necessarily be long m order to be measurable and 
dunng that time the nerve may so change its condition that a second 
stimulation period at a different mtensity or frequency may not be 
comparable It is nevertheless possible to make out roughly that the 
excess oxygen consumption is relatively independent of the strength 
of the stimulus above a certam rmmmum (See fig 2) 

Significant parallel variations can also be observed by electrical 
stimulation at varying frequenaes as shown in figure 3 In each graph 



Fic 3 A CouPASisON BrxwEEN toe Negative Vaeiatio'i and toe Excess Oxyge.! 

CoNSUMTUON IE NERVES STniULATED AT DIFEREST FrEQOEXOES 

In almost eveiy case the nerve ras sumulatcd at 100 per second both before and after 
stimulation at a comparison frequency to avoid errors due to a change in the condition 
of the nerve The dotted line indicating heat is from Gerard, Hill and Zotterman (1927) 

the abscissae represent the frequency of stimulation as measured by 
the frequency of the tuning fork, which uas used for interrupting the 
pnmary circuit of an induction coil The response was measured by 
the increased oxygen consumption, plotted as ordinates on the left, 
and by the negative \ ariation of the current of injury, on the nglit 
Both the action current and the excess oxygen are plotted m per cent 
of the figure measured at a frcquenc> of 100 per second Eacli radiat- 
ing line represents the result of two, usually three, alternating half 
hour stimulation penods at two different frequencies as indicated by 
the ends of the line \lTicn neither of these frequenaes was 100 per 
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second the hne has been extrapolated or interpolated to 100 at the 
same ratio and is shown dotted At frequencies greater than 100 the 
response is less than the theoretical m both cases At frequencies 
below 100 it is relatively more than the theoretical The fact that 
the response vanes with the frequency at all may be interpreted to 
mean that the expenditure of energy in nerve is discontinuous 

Obviously the frequency is great enough m this experiment so that 
the nerve cannot completely recover between responses and hence 
the more rapidly the shocks come the less intense they are It could 
easily be shown that the wide variation in the ratio for the higher 
frequencies was due to variations in the setting of the contact on the 
tuning fork, thus varying the spacing of the make and break shocks 
I apparently did not succeed in avoiding this m long stimulation 
periods of half an hour The negative variation was measured by 
stimulating untd a maximum deflection of the galvanometer was 
obtained (about 20 seconds). In the figure are plotted the most 
extreme values which could be obtained by varymg the setting of the 
tuning fork and the results are certainly comparable to the oxygen ' 
observations ^ 

With an apparatus capable of detecting the heat production of a 
nerve it is much easier to demonstrate such a parallelism between 
energy change and functional activity since many observations can 
be made in a short time Such measurements were made by Gerard, 
Hfl] and Zotterman (1927) and their data for heat production are plotted 
as a dotted line m the right hand graph for comparison with my results. 

Before proceeding to a consideration of the nature of the excess 
metabolism, the more familiar phenomenon of the resting o:^gen con- 
sumption deserves brief consideration. 

It seems to me of particular interest to consider what it is that 
determines the rate of oxygen consumption in a resting nerve or other 
cell. From the foregomg experiments, it is safe to conclude that the 
excess oi^gen consumption is measured by some automatic means 

* The paraUelism between action current and oxygen consumption can be better sho^ 
if both are measured simultaneously on the same nerve I performed a few successful 
experiments of this type (one of which has been pubhshed, 1927, b) but they were mter- 
nipted by the breakage of the apparatus and were forsaken later for more impor n 

matters 
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to meet quantitatively a certain demand for energy Presumably 
the limiting factor in tbe cbain of events leading to oxygen consump- 
tion IS something which is charactenstically vaned during activity 
If the excess oxygen exactly meets a certain demand it is natural 
though not necessary, to suppose that the resting oxygen is similarly 
measured to meet, with similar exactness, a certain need Such an 
hypothesis is in fact implied in our ideas concemmg the basal metab- 
olism of living organisms But it is difficult to believe that all the 
resting oxygen consumption is indispensable to the life of the cell, for 
a nerve can be kept in nitrogen for hours, asphyxiated beyond the 
possibility of conduction, so that its energy supply is, to say the least, 
very much diminished, and it may still recover almost completely 
when oxygen is readmitted If some of the resting oxygen is burned, 
not because it must be burned for survival but merely because the 
cell “knows how” to do it, so to speak, then the imperative nature of 
our restmg demand for oxygen becomes intelligible only on the assump- 
tion that our resting oxygen consumption is better regulated not to 
exceed our actual needs than is the case in isolated cells 
Whatever may control the resting oxygen consumption, it is cer- 
tainly not the oxygen tension It has been demonstrated by many 
different lines of evidence that the oxygen consumption at any one 
point in the tissues is independent of the oxygen tension at that 
point Assummg the validity of this pnnaple, and knowing (Krogh, 
1919) that the permeability of bvmg tissues for oxygen is a httle less 
than half as great as the permeability of w'ater for oxygen, it can be 
calculated how great the oxj'gen tension outside a nerve of known 
dimensions must be in order to supplj oxjgcn to every part of the 
nerve It appears from such calculations (Fenn, 1927, b) that a 
comparatively small tension of oxygen is necessary m a frog’s sciatic 
nerve, and that even in the larger dogfish nerves, in air, the oxygen 
supply would be adequate except possibly in the large end of the very' 
largest nerves where the radius exceeds 1 mm ^ The supply of oxygen 
IS not therefore a limiting factor in these experiments 

‘ The maximum possible diameter to be calculated from the wcigbts and lengths of 
anv of the dogfish nciaes uhicb I used 15 2 6 mm at the large end Gerard is in error m 
estimating the diameter of some of the neracs m m> expenmeat as 5 mm and intcrprctmg 
the results accordingly Esen 2 6 mm is an catreme figure and tal es no account of the 
(latteningof the large end I ongmally thought, on the basis of prcUminarj cakulaUons, 
that diffusion might be a limiting factor 
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In view of tks fact it becomes physiologically significant that 
nerves isolated from the smaller dogfish show a larger resting oxygen 
consumption, and even a larger percentage increase m oxygen con- 
sumption on stimulation, than similar nerves from larger fish The 
vanation is in fact roughly proportional to the surface/mass ratio as 
would presumably be the case m the whole organism Gerard has con- 



Fio 4 Graphs or Two Experiments Intended to Measttee the B,Q of the Excess 
Metabolism Due to Sximolation of Dogfish Nerves 


In the upper experiment the oxygen consumption was first measured over NaOH, then 
the Oz-COj without NaOH The reverse order was followed m the lower experiment 


firmed this observation on frog nerves Weis (1925) has foimd simi- 
larly a larger oxygen consumption in thin sections of tissues from the 
smaller mammals as compared to the larger mammals Grafe (1925) 
found less difference in this respect than did Weis and emphasized 
particularly the fact that the oxygen consumption of a whole mouse 
per gram body weight was 33 3 times as great as that of the ox 
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■while comparable isolated sections of the tissues of the tivo animals 
sho-wed that mouse tissues were only 1 7 times as active Tlus would 
indicate that the organization of a cell into the whole of a large animal 
like the o\ involved somehow a marked suppression of oxygen con- 
sumption 

We may turn next to a consideration of the respiratory quobent of 
nerves For the determination of this value I have used first a meth- 
od, later used also by Gerard, which depended merely upon omitting 
sodium hydroxide from the respirometer The inference then is that 
movements of the index drop indicate differences between tlic carbon 
dioxide formed and the oxygen consumed Experiments of this 
type always show that the volume in the nerve bottle is dimimshing, 
1 e , the oxygen consumption exceeds the carbon dioxide produced and 
the ratio between them works out to about 0 8 or even less An ex- 
ample of the application of this method is shoivn in figure 4 A nerve 
IS &st stimulated in an empty bottle and a small increased rate of 
movement is obtained The apparatus is then removed from the 
bath, sodium hydroxide is introduced, and the nerve is again stimu- 
lated in the same way and a larger movement is obtained The ex- 
periment gives figures for both the resting and the excess metabohsm 
But they are somewhat fallaaous, particularly so in very small bottles, 
because carbon dioxide is accumulating in the bottle and as it accumu- 
lates in the bottle it also accumulates in the nerve Some of the car- 
bon dioxide produced is, therefore, retained If the carbon dioxide 
absorption curve for the nerve is known one can apply a conection and 
so calculate supposedly a true R Q Gerard claims to have checked 
this method by the use of two nerves analyzmg one for COj before 
and the other after the stimulation period and so determimng the 
amount retained along rvith the amount excreted Aside from the 
assumption that the two sets of nerves used for the original and final 
analysis are identical, this method is excellent, perhaps the only 
thoroughly satisfactor)' one Tlie fact that he found no different 
result by this method does not, however, remove the fallacy from the 
first method which must necessanly exist Moreover, the calculated 
correction may be large and to obviate this difficulty I have had re- 
course to another device This involves putting the nerves m an 
atmosphere of 10 or 5 per cent carbon dio-ade in oxjgen instead of 
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pure oxygen ^ This has the advantage that the extra available base 
m the nerve is already in the form of bicarbonate so that further 
mcrease in CO 2 tension does not form appreciably more bicarbonate 
In other words the slope of the CO, absorption curve is less and is 
more^ accurately known, so that the correction is smaller, in fact 
practically neghgible 



Fig 5 Rates of Oxygen Consompiion IMinvs Rates of Caebon Dioxide Output 
Plotted as Ordinates Against Tuje 

The nerves were in an atmosphere of 20 per cent carbon dioxide m oxygen Ansem 
the curve illustrates a relative mcrease m the oxygen or a decrease m the carbon dioxide 
Figures on the graph mdicate volumes m cubic millimeters per gram nerve per minute of 
stimulation correspondmg to the areas indicated 


The results of experiments on four different nerves, when studied 
by this method, are shown in figure 5 The first result of stimtilation 
is a decrease in volmne (rise of the curve) which is followed by an 
increase in volume as the carbon dioxide excreted becomes greater 
than the oxygen consumed It is nearly 30 mmutes after the end of 
stimulation before this increase in volume ceases and the basal rate 
of volume change is resumed The algebraic sum of these areas above 
and below the base hne gives the net excess change in volume This, 
subtracted from the excess oxygen, as obtained by a separate meas- 
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urement, gives the COj and hence the R Q The average of all the 
evpenments which I have earned out by this method has shown that 
the increase in volume resulting from stunulation is slightly greater 
than the decrease so that the average excess R Q is 1 19 This is not 
a figure which it is easy to believe Frankly I myself find it easier to 
believe Gerard's extremely plausible value of 1 0 This latter value, 
however, was not obtamed at constant CO. tension which would make 
it too low rather than too high I can only be sure that my high 
values were faithfully observed Some reaction other than a straight 



Ro 6 Apparatus tor SuroLTA^EOos Mcasdrzsient op Ojctoev Coisumption by 
VOEUME AND OP CARDON OlOXIDE OCFtPUX BY COSDUCnVITY 


forward oxidation (such as liberation of preformed COj) must have 
complicated the situation 

But before discussing their possible explanation, I would rather 
present the results obtained by quite a different method, m nhich the 
COi tension was constant at zero instead of 5 to 20 per cent carbon 
dioxide The apparatus (fig 6) used for this method (Tcnn, 1928, a) 
IS a modification of the respirometer prcviouslj used The NaOH, 
however, is replaced by Ba(OH)i As carbon dioxide is absorbed, 
banum carbonate is formed and the resulting change in tlie clcctncal 
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conductivity of banum hydrate is followed at desired intervals by 
means of two electrodes sealed into the bottom of the nerve bottle, 
and a suitable bridge. The apparatus offers the possibility, there- 
fore, of simultaneous and contmuous measurements of both carbon 
dioxide and oxygen on the same piece of tissue at constant CO 2 tension 



Fig 7 Expebimenxs Obtained with the Apparaths Illustrated in Figure 6 

Simultaneous measurement of the oxygen, carbon dioxide and negative vanation 
Note particularly the mitial fall and subsequent rise of the R Q of the total metabohsm 

and has a number of valuable apphcations It is of course necessary 
to have a cahbration curve for the barium hydrate, or one can con- 
struct such a curve from the cell constant and the pubhshed tables of 
thefspecific conductivity of banum hydrate The apparatus is sensi- 
tive both as regards oxygen and CO 2 to 0 02 cu mm as a maxitnum 
Two experiments made with this apparatus are shown in figures 
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7 and 8 The upper graph in each figure shows the mean change m 
potential of the intact surface of the nerve dunng stimulation as 
compared with the injured end The rates of oxygen and carbon 
dioxide exchange are plotted in cubic millimeters per gram of nerve 
per mmute The duration of the stimulation, about half an hour, 
IS indicated in the figure, and the increased metabolism during stiniu- 



Eio 8 Expeeimfsts Oiituned wmi mt Apparatcs Illcstevted i\ riointE 6 

Simultaneous measurement of the o-rygen, ca-bon dioxulc and negatne \anation 
Note parlicuhrly the initnl fall and subsequent rise of the R Q of the total metabolism 

lation is clearly evident In these two experiments much lower and 
more reasonable xalues for the RQ were found than in the earlier 
experiments b> the volumetric method In another experiment simi- 
lar to these two, however, I observed an excess R Q over 1 0, the differ- 
ence being due possibly to an extra large number of nerves in the bottle 
These variations met w ith in the excess R Q lead me to doubt ■v.hether 
it IS possible to get an uncomplicated determination of this value 
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The resting R Q of the total gas exchange is plotted in the lowest 
graph In both experiments (figs 7 and 8) it shows a tendency to 
fall at the beginning of stimulation, then to rise above normal toward 
the end of stimulation. This is mdependent confirmation of the same 
senes of volume changes which I descnbed by the more direct volu- 
metric method I postpone for a moment the explanation of this 
interesting effect 

I find considerable difficulty in summing up oui information con- 
cerning the R Q of nerve Gerard quotes a figure of 0 77 for the 
resting R Q of nerves from winter frogs Most of the values which I 
have obtained are between 0 9 and 1 0 and, m fact, the average of all 
my figures by the volumetric method was 0 97 An average, however, 
conveys a false sense of accuracy By the conductivity method it is 
possible to measure the variations in the R Q from one 10-minute 
period to the next. Quite typically the R Q starts at 1 5 or 2 0 and 
gradually diminishes during the next 8 hours, finally reaching a value 
between 0 8 and 0 9 Parker (1925) descnbed a “gush” of carbon 
dioxide when a nerve is first dissected and a similar gush following 
injury This obviously agrees with a high initial R Q. This gush is 
not altogether due to a gradual equilibration to a lower CO 2 tension 
because I have observed a similar mitial increase in volume lasting 
several hours m the respirometer in an atmosphere of 20 per cent CO 2 
(Cf fig. 5) It would naturally lead one to prophesy an imtial forma- 
tion of lactic acid, but Gerard and Meyerhof (1927) were unable to 
detect any such change by direct analysis of nerves supplied with 
oxygen. Although the possibihty of an acid formation under the 
conditions of Parker’s experiments and mine (particularly a tempera- 
ture of 22° instead of 15“C ) is perhaps not thereby excluded, there 
remains also the possibility of an oxidizing reserve, much of which 
might be used up soon after dissection, involving a loss of carbon diox- 
ide without a corresponding oxygen intake It seems, therefore, that 
no single figure can encompass all the analyses of the fumes from a 
rbcrmVfll laboratory as complex as that found in a live nerve 
As already stated, in order to correct for the carbon dioxide retained 
as the tension mounts inside the respirometer, it is necessary to know 
the shape of the CO 2 absorption curve for the tissue We have been 
made familiar with such curves for blood by the publications of many 
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investigators, notably those of your president (Van Slyke, 1921) It 
has seemed of interest from a general point of view, therefore, as well 
as being essential for my own experiments, to measure a sunilar COs 
absorption curve for nerves I have used both a conductivity method 
and a volumetric method for this purpose (Fenn, 1928, b) In the 
volumetric method the tissue is equilibrated with oxygen in one bottle 
of a differential volumeter The oxygen is tlien quickly flushed out 
with a knowTi mixture of COj and O 2 for perhaps 5 seconds with mini- 



I ic 9 A CosiPAKisoN Of ■me Caebox Dioxide Absoeptiox Corves for Equal 
Weights of Nerve, Muscle axd Blood of the Frog 

Figures for the blood are taVen from WasU and Sdiykar (1925) Figures for nerve 
and muscle indicate cubic centimeters pec 100 grams 

mum change of temperature or vapor pressure The cocks of the 
respirometer are then quickly turned again and volume readings re- 
sumed As carbon dioxide is absorbed by the tissue, the dimmution 
of volume is recorded by the movements of the index drop By ob- 
servation of the index drop one can observe both the rate of diffusion 
of carbon dioxide into the nerve and the total amount absorbed 
From the rate one can calculate the diffusion coefficient of carbon 
dioxide m the nerve (as 1 shall show later) and from the total amount 
one can plot the carbon dioxide absorption curve of the nerve and dc- 
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duce perhaps the internal pH Such a curve is shown in figure 9 A 
similar curve for frog muscle, obtained in the same way, is plotted for 
comparison, as also a curve for frog blood taken from the expenments 
of Wastl and Seliskar (1925) . It is evident that the nerve has about 
the same alkah reserve as muscle although it is not called upon to 
neutralize any considerable amounts of lactic acid in its ordinary 
activities Compared with an equal volume of blood the tissues show 
a very low C02-combining power A very similar difference between 
the slopes of the CO 2 absorption curves of blood and tissue was ob- 
served by Shaw (1926) by a procedure equivalent to titrating a whole 
cat with carbonic acid, with the C02-combining power of the blood 
separately determmed By quickly killin g a restmg frog, removing 
one gastrocnemius muscle and gnndmg it up under aad in the con- 
ductivity apparatus which I have descnbed, the normal carbon dioxide 
content can be found B}’- comparison with the CO 2 absorption curve 
the CO 2 tension inside the muscles at rest can be estimated The 
value obtained is about 20 mm Hg At this tension the pH inside 
the cells of nerves and muscles should be about 7 4 Analysis of 
fatigued muscles in a similar way shows that at a CO 2 tension of 20 
mm Hg they would have a pH of about 6 7 Muscles in heat rigor 
, lose practically all their combmed CO 2 and have a pH in the neighbor 
hood of 6 0 Stimulation of nerves does not produce measurable 
changes in the alkali reserve nor have Gerard and Meyerhof been 
able to demonstrate an accumulation of acid dunng stimulation 
From the rate of diffusion of carbon dioxide mto a nerve as measured 
by observation of the index drop in the respirometer after sudden 
introduction of CO 2 it is possible to calculate the diffusion constant 
of CO 2 in nerve tissue This is done by the formula of Andrews and 
Johnston (1924) 
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which expresses the percentage of diffusion, QlQi, which is complete 
in time, t, in terms of a, the radius of the cylinder and k the diffusion 
constant Since kf/a^ is a number without dimensions, it follows that 
k has the dimensions of cm ^/s&c Appljmg this formula to the case 
of the diffusion of carbon dioxide mto nerve, it is found that the ex- 
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peruncntal values can be predicted fairly well, as shown by the ex- 
ample in table 1 Know ing the diameter of the nerve one can then 
calculate the value of k, as shown in table 2 These may be regarded 
as approximate figures only, but good enough to justify comparison 
with other figures to be found in the literature This is the first 
direct determination of this value to my knowledge but diffusion 
constants for CO 2 and O 2 in other matenals are available and are 
collected in table 3 Krogh (1919) alone has attempted measurements 
of this sort in living tissues but what he actually determined was the 
permeability of tissues, to oxygen chiefly, and in one determmation 
to carbon dioiade The permeability depends upon the solubility 

TABLE 1 


Rate cf dtfusion of carbon dioxide into rtrve 


TrUE 

TER CENT KOT ABSORBED 

Calculated | 

Observed 

mxnulti 

0 

1 

i 100 

100 

1 

63 

6t 

2 

SO 

49 

3 

41 

39 

4 

34 

32 

5 

28 

28 

6 

24 

24 

10 

12 

15 

23 

4 

7 


and so is much greater for CO- than for oxygen To obtain diflusivi- 
ties from Krogh’s figure, therefore, I have had to estimate the solu- 
bility and divide his figures by my estimate The rate at which a 
nerve becomes saturated at a given tension depends, however, on the 
rate with which any one molecule wnll diffuse, i e the diffusivity or k 
The more soluble a gas is m the nerve, the greater the number of 
molecules which must diffuse in Hence a greater solubilit> does not 
increase the rate of saturation As the table shows, the diffusivity of 
oxygen is greater than that of carbon dioxide, the rate varying theoreti- 
cally inversely as the square root of the density This rule when 
applied to water and rubber, is nearly correct but in living tissues COj 
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diffuses relatively too slowly according to my figures. This is prob- 
ably due m part to the fact that much of the CO2 in the nerves is 
ionized and as such does not diffuse readily across cell boundanes 


TABLE 2 

The dijfiision coefficient of coTbon dioxide in nerve 


EXPERIMENT 

PER CENT CO 2 

MIN 

1 

8 5 

7 1 X 10-5 

2 

9 3 

6 7 

3 

3 1 

3 7 

4 

24 2 

8 4 

5 

29 2 

9 6 


The tendency for h to increase as the per cent CO 2 increases probably depends upon the 
fact that under these conditions relatively less of the total CO 2 in the nerve is combined, 
and hence less readdy diffusible 


TABLE 3 


Diffusion coefficients in of oxygen and carbon dioxide in various substances 

linn 


MEDIUM 

TEMPERA- 

TURE 

OXYGEN 

CARBON 

DIOXM)E 


Water 

°c 

16 

113 X 10-5 

95 X 10-5 

Hufner, 1897 

Rubber 

17 

5 7 

5 1 

Daynes, 1920 

Connective tissue 

20 

37 

20-27 

Elrogh, 1919 

Muscle 

20 

45 

— 

Krogh, 1919 

Muscle 

22 

— 

11 7 

Fenn, 1928, b 

Nerve 

22 

— 

7 1 

Fenn, 1928, b 

Theoretical ratio 

— 

1 18 

1 0 

Inversely as 





Vdensity 


The figures of Hufner and of Daynes have been multiphed by ^ respectively 

to change the umts to minutes Krogh’s figures have been multiphed by 10~^ to change 
microns to centimeters and divided by the absorption coeffiaent For oxygen this was 
taken to be 0 0314, the value for water at 20°C For CO 2 1 have taken a value of 1 5 to 
2 estimated from my curves for muscle (fig 5) 

The fact that the amount ionized (or combined) vanes with the 

tension is another complicatmg factor 

This digression concerning the carbon dioxide absorption curve 
and the diffusion coefficients of the respiratory gases has been a neces- 
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sarj’ preliminary to an explanation of the peculiar volume changes 
which have been shown to occur in the atmosphere surroundmg a 
stimulated nerve, resultmg m an mitial decrease and subsequent in- 
crease in the volume and hence in the R Q The experiments shov<ed 
in particular a tendency to a sudden fall in the curve (increase in 
volume) immediately after the cessation of stimulation, as indicated 
by the black marks These volume changes are not artefacts due, 
for example, to lag in taking up of CO 2 by the NaOH, because in this 
experiment CO 2 is not taken up The phenomenon is not an artefact 
due to some complication around the stimulating electrodes because 
it occurs likewise with approximately the same time relations in 
stimulated muscles where the stimulus lasts only a few seconds (Fenn, 
1927, d) 

When a nerve is stimulated the gas diffusion problem is the same 
as if the nerve were suddenly exposed to a higher oxygen tension and 
to a lower carbon dioxide tension Each gas must diffuse according 
to the gradient produced until a new equihbnum is reached The 
time necessary to reach this new equilibnum rviU depend upon the 
dimensions of the nerve and upon the diffusivity of the gas The 
greater diffusivity of oxygen is evidently m the right direction to 
explain the initial decrease m volume observed, 1 e , it would cause 
the oxygen to be absorbed before the corresponding carbon dioxide 
was eliminated 

It has seemed IV orth while to elaborate this explanation a little by a 
calculation of the theoretical volume changes for a 30-minute period of 
stimulation For this purpose it was assumed that the rate of diffu- 
sion of each gas could be expressed with sufficient accuracy for the 
purpose by the first term only of formula (1), or by the simple ex- 
ponential equation, V — Foc — in which a high diffusivity appears 

as a small tune constant, T This is the time at which all but 1/c 
of tlie diffusion is complete For carbon dioxide the time constant is 
6 minutes, which corresponds to the diffusivities given in table 2 As 
IS obvious from table 3 it is by no means certam just how much smaller 
the time constant for oxygen should be Assuming, however, a time 
constant for oxj gen of 3 7 mmutes it is eas> to calculate for e\ cry time, 
t, after stimulation begins, how much carbon dioxide wall have been 
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eliminated and how much oxygen will still remain unabsorbed The 
sum of these two is the volume outside the nerve By calculating 
these volumes for each minute of the 30-minute perod of stimulation 
and adding the results together the total rate of volume change outside 
the nerve is obtained and the result is plotted m figure 10 for compari- 
son "with the experimental curves The result varies, of course, with 
the RQ and two different R Q ’s have been plotted The mam 
features of the experimental curves are fairly well reproduced It 
can hardly be said, however, that the calculation is sufficiently ngid 
to demonstrate that the assumed ratio between the diffusion constants 
of oxygen and COo is the correct one or to preclude the possibility of 
some actual delay m the appearance of carbon dioxide, as an alterna- 
tive explanation 

In a sense, however, all these matters are mere details in the physiol- 
ogy of a nerve The same principles must certainly apply m the 
body but the diffusion distances here are so small that probably no 
delay in the appearance of CO 2 could be actually observed As far 
as the physiology of a nerve impulse is concerned, I have added so far 
only one more demonstration of the fact that the conduction of a 
nerve impulse involves a definite breakdo"mi of energy in the nerve 
fibre over which the impulse passes Is anythmg known as yet con- 
cerning the nature of the breakdown? Is it similar to the energy 
cycle of skeletal muscle? Although this muscle cycle is now so famil- 
iar that it has become one of the corner stones of biological science, I 
nevertheless venture to interject here a description of an experiment 
(fig 11) on the energetics of muscle merely because it illustrates this 
mechanism more completely, I think, than any other single eir^eri- 
ment, and also illustrates another application of a new experimental 
method which I have described For this experiment I am indebted 
to the collaboration of Mr. D. S Martin of my laboratory 

The experiment involves the simultaneous direct and indirect calo- 
rimetry of the isolated sartorius muscle of the frog The apparatus 
resembles in principle that already shown for nerve Oxygen is de- 
termmed volumetrically by the movements of a kerosene drop Car- 
bon dioxide is determined by conductivity. A thermopile is included 
in the respirometer bottle by means of which the initial and recoveiy 
heat production of the muscle after a short tetanic stimulation are 



METABOLISM OE NERVES 


455 


recorded The measurements made on a single muscle during a whole 
day are plotted, including three stimulation periods of about 10 seconds’ 
duration each At the bottom are plotted the rates of oxygen con- 
sumption and carbon dioxide output as marked Above are plotted 
the R Q of the total metabolism and the galvanometer deflection 
throughout the day The latter is calculated mto calories by means 
of a cahbration of the dead muscle by an altcrnatmg current of known 
strength as in HiU’s method The maximum deflection indicates the 



Fig 10 TnEOBZTicAi, Rates or Volume Qiance Outside a Nerve ior Comparison 
wmi the Expeeiuli tal Rates as Illustrated ix FiruEE 5 

initial heat, nlule the total area under the curve represents the total 
heat, initial plus recovery Only after the first period of stimulation 
was the recovery sufiiaently complete to admit of calculations Here 
the excess oxygen represented an energy equivalent of 0 071 calories 
while the excess carbon dioxide was 0 075, with an excess R Q of 
1 05 It IS assumed in calculatmg calories that lactic acid was being 
burned Direct calorimetry, i e the area under the first galvanometer 
deflection, indicated a total heat of 0 069 calories, which is as good a 
check as the method permits Trom the initial heat, it is possible to 
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calculate how many grams of lactic acid were formed and it is found 
that there was formed about hve times as much as could be oxidized 
by the oxygen consumed, so that only 21 per cent or its equivalent 
was actually oxidized, the remainder havmg been removed m some 
other way Had it not been removed, the total heat would have been 
greater than the energy equivalent of the oxygen The methodpro- 
vides, therefore, a check on the accuracy of the calibration and on 
the completeness of recovery The second period of stimulation 
showed failure to return to the base bne and the third period of stimu- 
lation preapitated rigor mortis (presumably) To show how well the 
direct heat measurements followed the oxygen consumption it has 
been assumed that both agreed just before the first stimulation period, 
1 e the true galvanometer zero has been calculated from the resting 
oxygen consumption, using the electrical calibration of the dead muscle 
as a basis Thus the galvanometer readings can be expressed in cubic 
millimeters oxygen per gram per minute and they have been so plotted 
The accuracy with which they agree with the oxygen and COj meas- 
urements indicates that all the heat can be accounted for by oxygen 
It IS mteresting to find that lactic acid can accumulate w ithout more 
effect upon the carbon dioxide, since the R Q falls steadily during the 
eiqieriment, as it does in nerve This is chiefly related to the fact 
that the carbon dioxide tension is zero m the respirometer, so that the 
amount of preformed bicarbonate is at a minimum hlost of the 
lactic aad is, therefore, neutralized otherwise than by the escape of 
carbon dioxide 

It would be desirable but exceedingly difficult to do this same cx- 
penment on a nerve Instead we must look elsewhere for evidence 
to find out whether the energy cycle of a nerve in activity resembles 
that of muscle This question is best answered m connection with 
the behavior of a nerve under anaerobic conditions The following 
experiment (fig 12) will serve to introduce the discussion of tins 
question The apparatus used is that already described, permitting 
simultaneous measurements to be made of the oxjgcn consumption 
by volume, of the carbon dioxide by conductivitj' and of the negative 
variation Stop cocks in the nerve bottle permit a rapid cliange of 
gases The nerve is dissected out and placed on the electrodes in the 
nerve bottle The apparatus is full of room air at the start and 
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measurements are made of the oxygen and carbon dioxide exchange 
The fierve is electncally stimulated at intervals of 10 minutes and the 
resulting maximum deflection (for continuous stimulation) of the 
galvanometer is read to obtain the negative vanation Alter about 
an hour, air is replaced by a stream of nitrogen, punficd by passmg 
over heated copper and conducted through glass tubes and ti\o short 
mercury-sealed rubber joints It is passed through the chamber for 
perhaps 5 minutes with gentle shaking of the apparatus to assist in 
the removal of oxygen from the banum hj drate After a IS-minute 
period, during which the carbon dioxide output is measured, nitrogen 
IS passed through again to make sure that all oxygen which diffused 
out of the barium has been removed Finally, after anaerobiosis of 
varying durations, room air is again introduced and the metabolic 
changes are followed as the nerve recovers 
We may turn our attention first to the graph of the galvanometer 
deflections which serve as an index of the functional condition of the 
nerve This graph expresses the fact which was first discovered by 
von Baeyer (1903), that a nerve fails to conduct after being left for 
several hours in nitrogen Asphyxia is preceded by a penod of in- 
creased negative vanation which may be due in part at least to a 
lowered threshold The asphyxia time depends upon the condition 
of the frog and Frohlich (1904) has shown that nerves from well fed 
frogs mantam conduction for a longer time in nitrogen than those of 
starved frogs Tins he interpreted as due to a more extensive store 
of reserve oxygen Likewise, frogs taken directly from tlic stock kept 
in a cold room at 2 to could be asphyxiated only after 7 to 8 
hours After keeping the frogs for a few days at room temperature, 
however, this time was reduced to 2 or 3 hours and after 1 to 2 weeks, 
they could be asphyxiated in a little over 1 hour When returned to 
the cold room the asphyxia time ag.ain increased I do not know how 
long a nerve can bo left in complete asphjxia without permanent 
injury In this experiment the nerve was in nitrogen for 85 hours 
and completely asphyxiated for 5J hours, and recovery was about two- 
thirds or more complete upon renewed adimnistration of oxj'gen 
Frohlich tned the mteresting experiment of exposmg an asphyxiated 
nerve to oxygen for half a minute, then flushing out the oxj gen with 
a vigorous stream of nitrogen He then observed a partial recovery 
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measurements are made of the oxygen and carbon dioxide exchange 
The nerve is electncally stimulated at intervals of 10 minutes and the 
resulting maximum deflection (for continuous stimulation) of the 
galvanometer is read to obtain the negative variation After about 
an hour, air is replaced by a stream of nitrogen, purified by passing 
over heated copper and conducted through glass tubes and ti\o short 
mercury-sealed rubber joints It is passed through the chamber for 
perhaps 5 minutes with gentle shaking of the apparatus to assist in 
the removal of oxygen from the barium hydrate After a 15-mmute 
period, during which the carbon dioxide output is measured, nitrogen 
IS passed through again to make sure that all oxygen which diffused 
out of the barium has been removed Fmallj, after anaerobiosis of 
varying durations, room air is again introduced and the metabohc 
changes are followed as the nerve recovers 
We may turn our attention first to the graph of the galvanometer 
deflections which serve as an index of the functional condition of the 
nerve This graph expresses the fact winch was first discovered by 
von Baeyer (1903), that a nerve fails to conduct after being left for 
several hours in nitrogen Asphyxia is preceded by a penod of in- 
creased negative variation which may be due in part at least to a 
lowered threshold The asphyxia time depends upon the condition 
of the frog and FroMich (1904) has shown that nerves from well fed 
frogs mantain conduction for a longer time in nitrogen than those of 
starved frogs This he interpreted as due to a more extensive store 
of reserve oxygen Likewise, frogs taken directly from the stock kept 
in a cold room at 2 to 9°C could be asphyxiated only after 7 to 8 
hours After keeping the frogs for a few days at room temperature, 
however, this time was reduced to 2 or 3 hours and after 1 to 2 weeks, 
they could be asphyxiated in a little over 1 hour WTien returned to 
the cold room the asphyxia time again increased I do not know how 
long a nerve can be left in complete asphyxia without permanent 
injury In this experiment the nerve was in nitrogen for hours 
and completely asphyxiated for 5^ hours, and recovery w as about two- 
thirds or more complete upon renewed administration of oxygen 
Frohlich tned the interesting expenment of exposing an asphyxiated 
nerve to oxygen for half a minute, then flushing out the oxygen with 
a vigorous stream of nitrogen He then observed a partial recovery 
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of function which required 32 minutes to disappear. Evidently the 
function depends upon something more than the tension of oxygen, 
for the oxygen which was able to diffuse into the nerve in half a minute 
should have diffused out again m a few minutes at least It was 
perhaps combined at once in some relatively non-diffusible form If 
the nerve had been 30 per cent saturated in half a minute this amount 
of oxygen would have been enough to last 10 to 20 minutes if none of 
it diffused out. 

Another significant fact comes out of the work of Gottschalk (1920) 
who found that recovery can be made more complete by bathing the 
nerve in oxygenated Rmger’s solution than by merely exposing it to 
an atmosphere of oxygen This suggests the removal of diffusible 
waste products It is a little difficult to reconcile with Gerard’s 
statement, that a nerve fails no sooner in pure mtrogen than in oxygen- 
free Rmger’s solution Gottschalk, however, was led to the view 
that there was an accumulation of unoxidized waste products m 
nitrogen Conduction could continue until such a concentration of 
these products was reached that further function was impossible 
This view made the metabolism of nerve in activity resemble that of 
muscle 

The experiment in figure 12 seems to conform to this view The 
measurements of the carbon dioxide output as shown in the dotted 
hne mdicates an anaerobic formation of 8 8 volumes per cent CO 2 The 
average anaerobic CO 2 formation in 6 experiments was 8 6 volumes 
per cent This is not far from the total CO 2 content of a nerve exposed 
to zero CO 2 tension and naturally suggests an anaerobic formation of 
lactic acid sufficient to hberate all the preformed bicarbonate In 
this experiment as in all the others of this t)q)e which I have carried 
out, the conduction ceases when the carbon dioxide output becomes 
less than about 0 1 cu mm per gram per minute This is true whether 
the conductivity persists for 1 hour or 5 hours and suggests some 
definite causal connection between the two Presumably the lack of 
a suitable supply of energy occasions the loss of irritabihty 

Before discussing other possibilities we may press the analogy to 
muscle a httle further and consider the metabolic response when air 
is readmitted The readmission of air was accomplished m the same 
way that CO 2 mixtures were introduced into the respirometer The 
air to be introduced was previously contained m a bottle over sodium 
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hydroxide which was kept under water m the water bath It was, 
therefore, COs-free and had the same temperature and vapor pressure 
as the gas inside the bottle For 10 seconds the cocks to the respirom- 
eter were opened and this air was forced by displacement mth 
mercury through the nerve chamber 5 seconds later oxj'gcn read- 
ings were resumed Somewhat irregular results are sometimes ob- 
tained for the next 10 or IS seconds but after tliat, control expen- 
ments show always the same movement, a gradual diminution of 
volume due to the greater solubility of oxj'gen than of nitrogen in 
banum hydrate ® The absolute magnitude of this volume shrinkage 
agrees fairly well (slightly larger if anything) with the calculated 
amount It is complete in 20 to 30 minutes When an asphj xiated 
nerve is contained in the bottle a similar shnnkage of volume occurs 
In this ex^penment the shrinkage is so large that even after allowing 
for the saturation of the banum hydrate there remains a large excess 
oxygen consumption Evidently the nerx e has run up a considerable 
oxygen debt while in mtrogen Over the period durmg which obsor- 
xations were made after exposure to nitrogen, the oxj'gen consumed 
was 19 2 volumes per cent and the carbon dioxide 9 1 volumes per 
cent The oxygen debt w as, therefore, 10 1 volumes per cent or 1 2 
volumes per cent per hour Gerard found an oxygen debt of 1 5 
volumes per cent after 2 hours The average of my experiments is 
1 volume per cent per hour in nitrogen and about 2 volumes per cent 
per hour of complete asphyxia According to the Pasteur or Meyerhof 
reaction this 19 2 volumes per cent of oxygen could cause the dis- 
appearance of the molecular equivalent of 38 volumes per cent of 
lactic acid as a maximum Assuming that onc-third of the lactic acid 
was neutralized by bicarbonate, wc should expect a retention of 13 
volumes per cent of carbon dioxide and we find a retention of 10 
volumes per cent (19 2-9 1) This retention of CO 2 is also about 
equal to the anaerobic CO. output ' 

‘ A second or third introduction of air m control cTpcnmcnts as m nen c cxptnments 
causes a small furllicr diminution of wlume of about I \olume per cent 

’ Certain other experiments of this series do not show this agreement betn-een the 
oij'gcn debt and tlic anaerobic COj If oxygen is readmitted immcdiatclj after asphyxia 
IS complete the ox>gcn debt is much less while the anaerobic COj output is undimmishcd 
After the delivery of this manu'yrnpt expenmcnls were made on summe*- frogs showing 
smaller oxygen debts of only 1 S to 3 volumes per cent^ and not tending to increase 
with lime These large ox>gcn debts should be further confirmed 
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of function which required 32 minutes to disappear Evidently the 
function depends upon somethmg more than the tension of oxygen, 
for the oxygen which was able to diffuse into the nerve in half a minute 
should have diffused out again m a few minutes at least It was 
perhaps combined at once m some relatively non-diffusible form If 
the nerve had been 30 per cent saturated in half a minute this amount 
of oxygen would have been enough to last 10 to 20 minutes if none of 
it diffused out. 

Another sigmficant fact comes out of the work of Gottschalk (1920) 
who found that recovery can be made more complete by bathmg the 
nerve in oxygenated Rmger’s solution than by merely exposing it to 
an atmosphere of oiygen This suggests the removal of diffusible 
waste products It is a little difficult to reconcile with Gerard’s 
statement, that a nerve fails no sooner in pure nitrogen than in oxygen- 
free Ringer’s solution Gottschalk, however, was led to the view 
that there was an accumulation of unoxidized waste products m 
nitrogen Conduction could contmue until such a concentration of 
these products was reached that further function was impossible 
This view made the metabolism of nerve in activity resemble that of 
muscle 

The experiment in figure 12 seems to conform to this view The 
measurements of the carbon dioxide output as shown in the dotted 
line indicates an anaerobic formation of 8 8 volumes per cent CO 2 The 
average anaerobic CO 2 formation in 6 experiments was 8 6 volumes 
per cent. This is not far from the total CO 2 content of a nerve exposed 
to zero CO 2 tension and naturally suggests an anaerobic formation of 
lactic acid sufficient to liberate all the preformed bicarbonate. In 
this experiment as in all the others of this t 3 q)e which I have carried 
out, the conduction ceases when the carbon dioxide output becomes 
less than about 0 1 cu mm per gram per minute This is true whether 
the conductivity persists for 1 hour or 5 hours and suggests some 
defimte causal connection between the two Presumably the lack of 
a suitable supply of energy occasions the loss of irritability 

Before discussing other possibihties we may press the analogy to 
muscle a httle further and consider the metabolic response when air 
is readmitted The readmission of air was accomplished m the same 
way that CO 2 mixtures were introduced into the respirometer. The 
air to be introduced was previously contained in a bottle over sodium 
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hydroxide which was kept under water m the water bath It was, 
therefore, CO-free and had the same temperature and vapor pressure 
as the gas inside the bottle For 10 seconds the cocks to the respirom- 
eter were opened and this air was forced by displacement with 
mercury through the nerve chamber 5 seconds later oxygen read- 
ings were resumed Somewhat irregular results are sometimes ob- 
tained for the next 10 or IS seconds but after that, control experi- 
ments show always the same movement, a gradual diminution of 
volume due to the greater solubility of oxygen than of nitrogen in 
barium hydrate ' The absolute magnitude of tbs volume shrinkage 
agrees fairly well (slightly larger if anything) with the calculated 
amount It is complete in 20 to 30 minutes When an asphyxiated 
nerve is contained in the bottle a sunilar shrinkage of volume occurs 
In tbs experiment the slirinkage is so large that even after allowing 
for the saturation of the barium hydrate there remains a large excess 
ox>gen consumption Evidently the nerve has run up a considerable 
oxj'gen debt wble in mtrogen Over the penod dunng wbch obser- 
vations were made after exposure to nitrogen, the oxygen consumed 
was 19 2 volumes per cent and the carbon dioxide 9 1 volumes per 
cent The oxygen debt was, therefore, 10 1 volumes per cent or 1 2 
volumes per cent per hour Gerard found an oxy^gen debt of 1 5 
volumes per cent after 2 hours Tlie average of my experiments is 
1 volume "per cent per hour m nitrogen and about 2 volumes per cent 
per hour of complete asphyxia According to the Pasteur or Meyerhof 
reaction tbs 19 2 volumes per cent of oxygen could cause the dis- 
appearance of the molecular equivalent of 38 volumes per cent of 
lactic acid as a maximum Assuming that one-tbrd of the lactic acid 
was neutralized by bicarbonate, we should expect a retention of 13 
volumes per cent of carbon dioxide and we find a retention of 10 
volumes per cent (19 2-9 1) Tbs retention of COj is also about 
equal to the anaerobic CO« output ’’ 


‘ A second or third introducUoii o£ lit m control oipcrunents as in nerve eipenments 
rausK a small further dinunuUon of volume of about 1 lolume per cent 
oiwen?‘i!! '^enmenu of this senes do not show this agreement between the 
is^Lole'te .r f CO If oaygen is readmitted immediately after asphyxia 

Alter Se drt ' anaerobic CO. output is undimimsW 

smaller PL emeninents were made on sumincr frogs showing 

I nesc large oxj gen debts should be further confirmed 
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Further evidence which strongly suggests an oxidative removal of 
lactic acid as an explanation of this oxygen debt is the fact that the CO 2 
output dJtcT dsphyxta, also passes thtoiigh a, definite maximum coincid- 
approximately with the oxygen maximum. 

The great discrepancy between the oxygen consumption and the 
carbon dioxide output after anaerobiosis can therefore be explamed 
by a storage of carbon dioxide as lactic acid is removed. It could also 
be explamed, however, by a stoiage of oxygen. This possibility was 
denied by the experiments of Winterstein (1907) on the spmal cord 
of the frog in which he found no change in the R Q when oxygen was 
readmitted to an asphyxiated nerve In my experiments, however, 
there is an enormous change in the R Q at this time. Moreover, 
Gerard has brought forward convmdng evidence that there is at least 
a small oxygen storage His evidence on this important point is as 
follows When the heat production is measured as the nerve is failing 
in nitrogen it is found that both the initial and the recovery heat 
diminish together, quite unhke the muscle in this respect, where the 
recovery heat diminishes at once but the initial heat persists Con- 
duchon and the recovery from conduction are therefore msepaidble by 
nitrogen and since lecovery is oxidative, conduction cannot take place 
without oxidation. 

In this connection Gerard and Meyerhof have shown clearly that 
anaerobic glycolysis will not suffice to maintain conduction m nerve. 
Thus by adding sugar to nerve they are able to maintain vigorous 
fermentation for several days. Although the energy turnover is 
ample, conduction remains suspended. 

Conduction therefore necessitates oxidation This, it seems to me, 
is the most fundamental fact now available concerning the metabolism 
of nerves It is hard, therefore, to escape the conclusion that some, 
at least, of the oxygen debt is due to an oxidation reserve. Gerard 
and Meyerhof have offered less convmcing evidence that all of the 
oxygen debt is due to an oxidation reserve They find that lactic 
acid accumulates in the nerve in nitrogen but that analysis made in 
similar nerves exposed to nitrogen and then left in o:^gen for 4 hours 
shows no diminution of lactic acid Control nerves m oxygen alone 
show no accumulation of lactic acid This is evidence against an 
oxidative removal of lactic acid I doubt, however, whether these 
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authors would ■wish to exclude altogether the possibihtj of an oxidative 
removal of lactic acid on tlus evidence alone Nor do I feel that their 
failure to find any increased CO. content of nerxes after recovery 
from asphyxia is altogether exclusive of this possibilitj Gerard has 
also measured the carbon dioxide which is produced in nerve left for 
20 hours m mtrogen and finds it to be 3 volumes per cent Tlus w'as 
about equal to the small oxj'gen debts which Gerard observed but it 
IS hardly sufficient to explain an oxygen debt of 10 volumes per cent 
after only 83 hours I think it most probable that the excess oxygen 
over the carbon dioxide after asphyxia is due both to a storage of 
carbon dioxide by oxidative removal of lactic aad and to a storage of 
oxygen, or its equivalent 

According to Gerard’s theory (1927, c) the same chemical processes 
should be involved in anaerobic conduction as m aerobic conduction, 
except that the oxidation is at the expense of something beside oxygen 
We should expect, therefore, an extra output of carbon dioxide during 
stimulation in nitrogen I have tried stimulating the nerve during 
the progress of asphyxia in experiments of the type illustrated in 
figure 12 but such stimulation seems to have no measurable effect 
upon the carbon dioxide output Gerard and Meyerhof have tned 
to measure an increased lactic aad formation during stimulation in 
nitrogen by the differential manometer This measurement depends 
upon the increased carbon dioxide liberated from bicarbonate by the 
lactic acid The same result would be obtained from an increased 
carbon dioxide production by oxidation, but none was found It 
should also be remarked that their failure to detect an increased lactic 
acid in this way does not proxe that lactic acid formation docs not 
account for the imtial heat in nerve — a possibility which Gerard 
admits — for the lactic aad equivalent of the initial heat is less than 
their stated experimental error The COj equivalent of the total 
heat should, however, be measurable, though small, since tlic fibres 
are failing 

The graphs in figure 13 represent a comparison between the rates 
of diffusion of carbon dioxide into a nerve, as shown by the black dots, 
and the rate of rccoverj from asphjxia, as shown bj the three curves 
marked with circles The moment of admission of oxygen to an 
asphyxiated nerve is, m fact, a dramatic moment 1 ^ to 2 minutes 
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Fig 13 A Coiip^EisoN Betwen the Rate of Diffusion of Carbon Dioxide into a Nerve and the Rate 
covERY OF Similar Nerves from Asphyxia When Oxygen Is Admuted, after Varying Intervals of 

Completely Suspended Conduction (1 to 6 Hours) 
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after exposure to oxygen, conduction begins to return and m a few- 
more minutes it is complete The resulting curve is, therefore, slightly 
S-shaped After 8 hours in nitrogen, as shown m the low er curx e, the 
reco\ ery is considerably slower (as Gerard has also observed) and is, 
in fact, much less complete Oxygen would saturate a nerve some- 
what more quickly than would carbon dioxide, so it appears not only 
that diffusion is rapid enough to account for the rate of recovery ob- 
served, but also that at least after not too long a tune m nitrogen, 
recovery may occur verj' promptly after oxygen has reached an as- 
phyxiated fibre 

In conclusion, I must apologize for failure to do justice to many 
aspects of this subject, merely because they did not happen to fit into 
the particular scheme of this lecture I have dwelt at unnecessary 
length upon some of the relativdy unimportant details of the phenom- 
ena desenbed I have spent time in describing new methods of 
investigation adapted to tlus subject Fmally, I have tried to outhne 
the essential features of the energy cycle of nerv'cs m activity, as they 
are known today, the point being that m nervous transmission, unlike 
muscular contraction, oxidation is a necessary accompaniment The 
evidence for this important point from the heat measurements of 
Gerard seems to me very difficult to interpret in any other way 
The evidence from measurements of lactic acid, CO- and oxygen is 
still. It seems, incomplete I onty regret that those who are more 
particularly responsible for this information could not have been here 
to expound more fittmgly their own important contributions to this 
very immature subject 
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